ooKs Juft Publiſhed, Printed for J. Honors, as 
J tb: Looking-Glaſs, ver againſt St. Magnus Church, 
London-Bridge. | 


IBLIOTHECA TECHNOLOGICA: or, A Philologicat 
B Library of Literary Arts and Sciences: viz. t. Theology; or the 
firſt Principles of Natural Religion, 2. Ethics, or Morality; the 
darine of Moral Virtues. 3. Chriſtianity ; or the Subject of the Chri- 
an Religion, 4. Judaiſm z or the Religion and State of the Jews. 5. Ma- 
metaniſm; or the Life, Religion, and Polity of Mahomet, 6, Genti- 
: of the Deities and Religion of the Heathen, 7. Mythology; or an 
planation of fabulous Hiſtorieg, 8. Grammar, and Language ; particu» 
ly of the Engliſh Tongue. 9. Rhetoric and Oratory; or the Art of 
aking eloquently. 10. Logic; or the Art of Reaſoning and Perſuaſion, 
, Ontology ; or the Science of Being abſtractedly confidered. 12. Poetry g 
the Art of making Verſes or Poems, 13. Criticiſm ; or Art of judge 
well of Men and Things. 14. Geography; or a Deſcription of the 
brd. 15. Chronology ; or the Doctrine of Time. 16. Hiſtory ; with 
Original of Nations and Kingdoms. 17. Phyſiology; or Science of 
ural Philoſophy, 18. Botany; or the Doctrine of Plants and Vegeta. 
19. Anatomy; or a Deſcription of the Parts of a human Body. 
Pharmacy; or the Art of making Medicines, 21. Medicine; or the 
ory of Phyfic and Diſeaſes. 22. Polity and Oeconomics, or the Doc- 
> of Society and Government, 23. Juriſprudence; or the Knowledge 
aw or Right. 24. Heraldryz or Art of Blazoning Coat Armour. 
Miſcellanies ; an Account of the Mathematical Arts and Sciences, The 
d Edition, 8vo., Price 6s. | 
. LoGARIlTHMOLOGIA : Or, The Whole Doctrine of Logarithme, 
mon and Logiſtical, in Theory and Practice. In Three Parts. I. The 
ry of Logarithms; ſhewing their Nature, Origin, Conſtruction and 
erties, demonſtrated in various Methods, viz, 1. By Plain Arithmetic, 
y the Logarithmic Curve, 3. By Dr. Halley's Infinite Series, 4. By 
jons, &. By the Properties of the Hyperbola. 6. By the Equiangulag. 
I, 7. By a Logarithmic inſpectional Scale of 22 Inches Length. II. 
Praxis of Logarithms ; wherein all the Rules and Operations of Lo- 
bmical Arithmetic, both Common and Logiſtical, by Numbers and 
ments, are copioufly exemplified, III. A Three-fold Canon of Lo- 
ms; in a new and more copious Method than any extant ; viz, t. A 
of Logarithms of Natural Numbers. 2. A Canon of Logarithms of 
and Tangente. 3. A Table of Logiſtical Logarithms, With a large 
ut, on Royal Paper, curiouſly engrav d. 8vo. Price 5 s. 
A New and Compendious Syſtem of Optics. In Three Parts, 
pptrics, or the Doctrine of Viſion by Rays reflected from Mirrours, 
ed Surfaces, II. Dioptrics, or the Theory of Viſion by Rays re- 
through Lenſes, or tranſparent Subſtances. III. A Practical De- 
of a great Number of the moſt uſeful Optical Inſtruments and 
des, and their Conſtruction ſhewn from the Theory; viz, The Eye, 
Obſcura, ſingle and double Microſcopes, Refracting and Reflecting 
pes, Perſpective Glaſſes, the Magic Lanthorn, &c. The Manner 
ing Micrometers to Microſcopes and Teleſcopes of the Reflecting 
Illuſtrated with Copper-Plate Figures as big as the Life, Price 5 8» 


All by Bznjamin MARTIN, 


2 


3 


— 77777 ” ' | =—_ ü — LE EET 7. 
Hl "nn Wh e - — e,, 25 1 SORT 
1 = 1 = : '>- — 6 1 
> ! 0 — 5 G ys - . Z - 
| w, > 
- = 
- — p 
= 
7 9 
= = - — 1 4 
'S — ar a f 2 5 a I ö | 
Wy — p A „ 1 1 + # 8 - „ » * a 1 | 
> - „ f # 4 f . ” 3 
= ; 11's | 
- G 
| = : | 
; . 
e „ 


4 « 


1 
g 
4 


* 


Bridge . 


th 


— 


Hodges 


* 


| — a. a LI 
ow unn — 44 —_— 


Nee — \ - . — _ 


= 
— 
3 s # 4 
* 
. = 
- 


THE 
YOUNG MATHEMATICIAN's 


COMPAN I O N; 
- A COMPLETE TUTOR 


TO THE 


MATHEMATICS: 


Whereby the YouxG BEGINNER may be early inſtructed, 
thoſe who have loſt the Opportunity of learning in their 
Youth may, with very little Pains, and in a ſhort Time, 

A a become Proficients in this delightful and inftructive 
= Science, and ſuch whoſe Buſineſs it is to teach, may 
= | receive much Uſeful Aſſiſtance. | 


CONTAINING 


I, Vulgar and Decimal Arith- || III. Plain and Spherical Tri- 
. metic, Extraction of Koor- gonometry, Aſtronomy, Di- 
by Natural Numbers, and by alling, and Surveying of 
Logarithms. Land. 8 
II. Deſcription and Uſe of the || IV. Curious Diſcourſes, calcu- 
Sector, Wit“ the moſt ufeful lated to render a Practical 
Definitions, Theorems, and Knowledge of the Mathema- 
Problems in Geometry. | ties more eaſy and familiar. 


The Whole interſperſed with delightful and uſeful Queſtions, and 
adorned with proper Schemes in order to excite the Curioſity, 
and form the Minds of Youth. | 24 x2; 
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bY ATHEMATICES receive 
their Name from Matheſts, which {7 - 
nifies Diſcipline and Deftri me, and 
doth not enly ſignify io learn and un- 
d.rfland, but alſo to call to 1 * 22 

b ance the Knowledge of theſe Things 
TD are imprinted in the Mind, at . 1 4 Nemem- 
brance raiſed from Appearance. But now tis preperly - 
that Science which teaches or contemplates whatever is 
= capable of being Number'd or Meaſured. 
* Ard ihat Part of Mathematicks which relates to 
= Number only, is called Arithmetic: That which re- 
lates 19 Meaſure is called Geometry, 

Mathematicls, alſo are divided into Speculative, which 
propoſes only the fimple Knowledge of the Thing pro- 

poſed, and the bare Contemp ation ef Truth and Falſ- 
N And, Practical, which teaches haw to demon- 
flrate ſemerbing uſeful, or to perform * ſomething that 
ſhall be propoſed for the Benefit and Advantage of Man- 
find, In all Ages and Countries where Learning hath 
prevailed, the eee. Sciences have been loo d 


upon as the chief and moſt confiderabls among them, 
A2 5 


ii The PREFACE. 


There is no Science in the World that doth improve 
the Mind of Man ſo much as this; ly giving it a 
Habit of cloſe and demonſtrative Reaſoning ; by freeing 
it from Credulity, Prejudice and Superſtitiau; by 
rendering it exact and capable of ſolving the greateſt 
Difficulties ; and laſtly, by regulating the Imagination, 
and giving the Mind the greate/t Ext ention and Capa- 
city that Human Nature 1s capable to attain. 

The Uſefulnefs of this Science is almoſt infinite, there 
being ſcarce any we" Art, or Science, in the 
Univerſe, but may be aſſiſted and advanced by it, And 
indeed it is to this Science we owe the vaſt Improve- 
ments of Natural Knowledge in theſe laſt Ages, and 
ſeme «of the maſt Noble Inventions of the World. 
| l ho then would be ignorant in a Science ſo Excellent, 

' fo Uſeful, and Beneficial to Mankind? Ih would 
net take ſome Pains to attain a Competent Knowledge 
ef an Art ſo truly valuable? I am confident there is | 
no theughtful and contemplative Perſon but quould find © 
unſpcakable Pleaſure and Saiisfattion in the Study of it, © 
And te ſuch as are fo inclin d, I have here ſet dein 
the beſt Methid ; in Arithmetic the Reader will find. 
many uſeful aud pleaſant Queſtions, not"to be found in 
any other Tra#?. 

The Second Chapter treats of Geometry, in which 
T have given every Thing that is Uſeful in Practical 
Mathemaricks, having every where purpoſely omitted 
the Speculative Part, or Things that are uſeleſs, which 1 
to, Beginners would rather prove a Stumbling Block 
than any ways improve the Mind. | 

The Third Chapter treats of the Menſuration of 
all manner of Superficies, in a plain and familiar 
Method fitted to the Capacity of Beginners. 

The Fourth Chapter treats of the Menſuration of 
all manner of Solids, concluding with two uſeful Pro- 

Poſitions, the one in Statuary, aud the other in * 


We PREFACE: if 
The Fifth Chapter is, the Diſcription and Uſe of 
the Sector, which In/trument being of ſuch Univerſal 
Uſe, claims a Place in this Pork. | 
The Sixth Chapter treats of Plain Trigonometry, 
in a new and conciſe Meth:d, perform'd by Natural 
Numbers and by Logarithms, concluding the ſame with 
fome uſeful Problemm. 
Chapter Seven contains Spheric Trigonometry, 
both right and oblique Angled, in a clear Manner, 
adapted to the Capacity of young Beginners, 
Chapter Eight treats of Aſtronomy in general. 
The Ninth of Dialling. 
And the Tenth of Surveying of Land. 
Theſe are the Subjects of the enſuing IVork, and 
herein I have ſhewn the great Uſe and Advantage that 
may accrue to Mankind from them, being but ſeriouſly 

peruſed by a thoughtful Mind, the Reader may come t9 
attain to a c:mpetent Knowledge in theſe Uſeful Arts. 

Theſe Arts are called by ſame, The Internal, or Li- 
beral Arts, becauſe they are attained by the Faculties 
of the Soul, which is a liberal or 2 Agent, and not 
by the Labour or Miniſtry of the Hands. 
N Het c:mmendable it is to fee Youth give their 
3 ings to the Study of theſe Sciences ! It frees the 
Mind of if Habits, and raiſes the Soul abzve the com. 
mon May of thinking ; he takes a View of the Univerſe, 
and ſees at one Glance hiv the Great Architect has 
= /ram'd this winderful Fabric. | 

Sophia, er Philoſophia, Wiſdom, or the Love of 
Wiſdom, is the Knowledge of all Arts and Sciences 
which any way do conduce to the Knowledge of Gd: 
And next to Divinity are the Mathematical Sciences. 


itoft People now in this Age have an Ambition of 
giving their Children the beſt Education that they can, 
and truly, if I might adviſe, when Youth has attain'd' 
Reading and Writing good Engl th, tet him be put to 

the Mathematical School ; but if the Ability of the Pa- 
| A 3 rent 


e 


2 W PREVTACK. v. 


rent be in „ 6 lew Circumſtancet that they cannot afford 
it, then let them buy this Book, and the Bey by his cron 
Genius may ceme at what will "pleaſe the Mind, and not 
wy 175 but make him capable of making Satisfaction 10 

arent for the FE xpence theybave been at, for his oiun 


| een The Uſefulneſs of theſe Arts cannot be 


denied, and therefore my hopes are; that Youth will 
bend their Minds to the Study of theſe uſeful Sciences, 
and ty that Means become uſeful Inſtruments in their 
Generation, which that every one of my Readers may 
do, us the hearty Prayer of their very 


Humble Servant, 45 


Charles Leadbetter. F 
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Poung Mathematicians 
COMPANION. 


Of ARITHMETIC: 
DIFINITION: 
Qu RITHME TIC, is the Art of 


an Numbering well; and in it we make 
RAS uſe only of theſe Nine Figures, called 
Digits, iz. 1, 2, 3, 4, 5» 6, 7, 8, 
BY 9, and the Cypher o, in which there 
are divers Rules which ſhall be treated 
of in the following Order, And 
Firſt of 


NUMERATION 


I. Numeration, is the true Diſtinction, Eſtimation, and 
Pronunciation of Numbers, or the Rule to read any Num- 
ber tho? never ſo great, and to have a diſtin Idea of each 
Place or Figure of it, which may eaſily be dor2. by get- 
ting the following Table by Heart. For the firſt Place to 
the Right Hand is the Place of Units, that is, every Fi- 
gure 


— 


v4 a> 


# 
7 
x 
2 
S 
> 8 . 
+ BY 
4 
4 


- 


2 _ Of ARITHMETIC. 


| pr — that Place is no more than the real Value, as 
the Figure 1 ſtands there, it is no more than one, if 2 

' *tis two, c. but every Figure that ſtands in the Place of 
Tens, are as many Tens as the Figure is in Value; thoſe 
in the third Place are Hundteds, the fourth Place are Thou- 

. ſands, the fifth, Tens of Thouſands, the fixth Place are 
- - Hundreds of Thouſands, the ſeventh, Millions, Sc. there 
are ſeveral Ways of diſpoſing of Figures to form a Table, 


but this which follows, I conceive the moſt eaſy for young 
Beginners, 


9 Nine. 
9 8 Eight. 
9 8 7 Seven. 
9 8 7 6 Six. 
97K. 7.20 4 Four, 
9.3. 7-073. 4 $ Tae 
9g. 37 0 "$4.44. 3% 
o 876 5 4'3 2 1 One. 
9876 5 4 3 2 1 O Cypher. 
JOXEOXK 8 
=” 5-1 2 
5 3 
. 8 
©» is = © & 


The lowermoſt Line of the Table is thus read, viz, 


Nine Thouſand Eight Hundred Seventy Six Millions, 


Five Hundred Forty Three 'Thouland, Two Hun- 


dred and Ten: And ſo of the reſt _ Theſe Ten Places 


are as far as any common Buſineſs will require, but 
for Curiolity's Sake, I will here ſhew, how to read 66 


'Places or more at Pleaſure, thus ; begin at the Right 
Hand, and point or prick under the Seventh Place, and 


over it place the Figure 1, that is tne Place of Millions; 
tell on Seven Places more, and over that Place the Figure 
2, the Number 2 ſtands in the Place of Million of Mil- 


lions, which is better expreſſed by Billions, (i. . Bk 
: 2 Go Z Millions 
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Of ARITH METIC. 


Millions) tell on again Seven Figures more, and there place 
the Figure 3; this is the Place of Trillions, and Seven 
Places more will be Quartrillions, the next Seven Quinquil- 
lions, &c. according as the Figures over every Seventh 
Place doth ſhew. So that the Firſt Place to the Right 
Hand is Units, the Seventh is Millions, the Thirteenth 
is Bi-Millions, the Nineteenth Place is Trimillions, the“ 
Twenty Fifth Place is Quartrillions, the Thirty Firſt Place 
Quinquillions, the Thirty Seventh Place is Sexquilſions, the 
Forty Third Place is Septillions, the Forty Ninth Place is 
Octillions, the Fifty Fifth Place is Nonillions or the Place 
of a Million multiplied Nine Times by itſelf; as for In- 
fance, ſuppoſe I would Number this Train of Figures, 
Viv. | 


WRT 6 
7898765432101234567898765432101 23456789876 
3 2 I 
543210123456789870543210 


Here are Sixty Six Places, and are thus read, ſuppoſing 
them to ſtand all in one Line, begin with the uppermoſt 
L ine at the Left Hand, and by the Directions of the Table 
above, begin with the Cypher, over which the g ſtandeth, 
> and tell the Value of Places to the 7 at the End of the 
Line, and they are Seven Hundred Eighty Nine Thou. 
> ſand Eight Hundred Seventy Six Millions, Five Hun- 
> &ered Forty Three Thouſand Two Hundred and Ten 
> Nonillions, One Hundred Twenty Three Thouſand 
Four Hundred Fifty Six Octillions, Seven Hundred 
Eighty Nine Thouſand Eight Hundred Seventy Six Sep- 
tillions, Five Hundred and Forty Three Thouland Two 
Hundred and Ten Sexquillions, One Hundred Twenty 
3X Three Thouſand Four Hundred Fiſty Six Quinquillions, 

Seven Hundred Eighty Nine Thouſand, Eight Hundred 
Seventy Six Quartrillions, Five Hundred and Forty Three 

Thouſand Two Hundred and Ten Trimillions, One 
Hundred T'wenty 'Three Thouſand Four Hundred Fifty 
Six Bi-Millions, Seven Hundred Kighty Nine Thouſand 
Eight Hundred Seventy Six Millions, Five Hundred Forty 
Three Thouſand Two Hundred and Ten. And thus you 
ice tis caſy to read or pronounce any Number at Pleaſure, 


II. O 


Sag nm 
t 1 * 8 
7 * 2 - Me” 
* - w 2 . 8 
» * * u 
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II. O A D DIT ION. 


* A 'DDITION, in General, is the potting of tws 
or more Quantities together, and that Quantity 
which ariſes or reſults from thence, is called the Sum, or 


Aggregate of thoſe Quantities, as we ſhall make plain by 
Examples. 


The PENCE TABLE: 


th 4. | a. „ 
1 12 1010 /-0=10 
Al [ 24 {20 | 1— 8 ö 
3 36 30 2— 6 half a Cre. 
4 "2 , 3— 4 
5 0 | 5 N | 
5 6 72 | 60 5— © Crown, 
8 70 5—10 
5 98 40 6— 8 Noble. 5 
201. 120 5 d -4-$a 4 4 
11 601132 a 170 l 
* | {144 18S; 120. is { 10 © Angel.” 
13 36 N 1130 10—10 
14 68 1 140 4121 
15 180 ; 130 12— 83 
16 192 a i I | | 13— 4 Mark, 
17 204 Piſtole. | 170 114— 2 | 
18 216 [1 Bo | 15 — 0 
19 228 | |190\ f 15—10 
20 {240 Pound. 200 {16-8 
21 252 Guinea. 210 117 6 
277 624 Mcidore. ) $0) 1188. 4 
| | 230; 7 
240 20 — o Pound, 


This Table got by Heart, ill be very ready for Trades Ml 
men to caſt up Things by the Head, ard 


4 


And Firſt of one Denomination. 

Set your Numbets down one under another, Units 
under Units, Tens under Tens, Hundreds under Hun- 
dreds, &c. Then begin at the Right Hand, and collect 
each Column ſingly into one Sum, and if the Units in that 
Row are leſs than Ten, ſet them down under the Line, 
but if they are more than Ten, ſet down all above 
Ten, and carry. the Tens to the next Row; in which 
ſet down under the Line the odd Tens, ard carry the 
Hundreds to the next Row, and ſo continuing to ſet down 
the Units, and carry the Tens to the next Column 'til 
all be done. Thus, Suppoſe I have 481 Yards of Vel- 
vet, 387 Yards of Pluſh, 245 Yards of Ca licoe, 129 
Yards of Camblet, how many Yards are there in all. 


Velvet 481 
Pluſh 387 
Calicoe 245 
Camblet 129 


— — 


Total 1242 Vards, the Anſwer. 


Thus, the Numbers being ſet down as above, begin 
and ſay g and 5 is 14 and 7 is 21 and 1 makes 22, 
ſet down the 2 Units, under the Line and carry the 2 
Tens to the next Row; ſay ing 2 that I carry and 2 is 
4 and 4 is 8, and 8 is 15, and 8 is 24, ſet down 
4 under the Line and carry 2 to the next Row, ſay- 
1g 2 that I carry and one is 3, and 2 is 5, and 3 is 
8, and 4 makes 12, now becxule there are no more Fr. 
gures to carry, I 'et down 12, and the Sum of all the 
given Number is 1242, as above. | 

[he common Way of Proving Addition (as taught in 
Schools) 15 to cut off the Top Lane, and caſt the Sum up 
again, only leaving-out the Top Line, then the Sum of 
thel. added to the Top Line gives the whole Total. But 
this ſeems to be invented more to hinder, than forward 
the Worx, and is o namalteriy, that I ſhallnot recommend 
It, but rather adviſc the Reader to calt up is Sum over 


rades- in, and that's the bett Way ot provipg his Work. 


Mare 


* 
— — ar eat — Ma. 4 * 


6 Of ARITHMETIC; 
More Examples for Practice. 


Years. Miles, Bar. Lib. 

17064 2706 - 4617 87069 

8517 1042 3570 10952 

321 875 2400 7403 

298 263 1041 276 

106 21 82 95 

| — — — 

26306 4907 11716 105795 


But if the Number be of different, or of ſeveral 


Denominations, then they muſt be added by ſumming 
up each Denomination by itſelf, and ſeeing how many 
of them will make one of the next Denomination, and 
carry them to the next Place. As for Example, ſuppoſe 
the following Sum of Eng/iþ Money were to be calt 
up, firſt conſider that four Farthings make one Penny, 
twelve Pence make one Shilling, and twenty Shillings 
make one Pound. 


Note, Over every Denomination is commonly placed 


L. S. D. Q. ſignify ing Libra, Solidi, Denarii, 
Quadrantes, that is Pounds, Shillings, Pence, 


Farthings. 
10. . 4. 
1 7. 
4862 14 11 I 
372t 18 10 2 
2951 10 Og 3 
2563 39 ol 2 
i | 88 28. Rs. 
977 15 v9 2 
420 ©4 ob 3 
16583 15 11 2 
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Over every Denomination is placed the Denominative 
Parts, that is, what you are to dot at, or ſhews how many 
of one Denomination make one of next 3 As in 
the following Example of Awoirdupoiſe Weight, Sixteen 
Drams make one Ounce, Sixteen Ounces make one 
Pound, Twenty-eight Pound make one Quarter of a 
Hundred, four Quarters make one Hundred Weight, 
and twenty Hundreds make one Ton. | 


„ 23 3c: 166 
F.C. . 
2 


7843 14 20 12 10. 
5382 18 3 26 14 16. 
5671 11 1 18 10 07, 
4329 19 2 21 11 04. 
F 35 17 „„ „% 380) 
: 2468 10 2 14 oa Or. 
B 1073 16 1 17 06. 04. 


8 sum 31344 09 3 ©5 07. 06 | 
Note, The Troy and Awveirdupoiſe Weight, bear Pro- 
portion one to another according to 
= Mr. Boyle found that 185 /ib. Troy, are equal to 15/5, 
Pounds Avoirdupri/c. | | 
Mr. Wingate found that one Pound 4voirdupoi/e, was 
equal to 14 .: 12 pw. Troy. Here the Troy Ounce is 
more than the Aveirdupciſe Ounce, but the Aveirdupoije 
Pound is greater than the Pound Trey. of 

Mr. Everard found in the year 1696, that fifteen 
Pounds Awoirdupoi/e were equal to 18 lib: 2 : 15 pay, 

Troy. 

Mr. John Ward found by a very nice Experiment, that 
4: 11 : 154 gr. Troy, was equal to one Pound 
2 Fvoirdupoiſe. © 3 
Mr. Vincent Wing ſays, the Proportion of the Pound 
voirdupoiſe to the Pound Troy, is as Gota 73. And the 
roportion of the Ounce Avoirdupoiſe, to the Ounce Trey. 
2s 80 to 73. By which the Pound Adoirdupoiſe is 
reater than the Pound Trey; but the Ounce Avelrdu- 
e is leſſer than the Ounce Trey, as is noted in Win- 
„s Experiment. 
5 | B : III. 


Et 


Il. O SUBTRACTION. 


ſet Units under Units, Tens under Tens, Hundreds under 


\ 


of ARITHMETIC. F 


DEFINITION. 


UBTRACTION is taking a leſſer Quantity, or 

Number, from a. greater, in order to find the Dif- 
ference between them, which Difference is called the 
Remainder. | 4 : be, 
In order then to take one Number or Sum out of 
another, if they be Things of one Denomination or Name, 


Hundreds, c. under which two Numbers draw a Line, 
and remember that what you carried in Addition you muſt 
here borrow in Sub/re#ion, and in Things of one Name, 
you always carried one for every Ten they amounted to; 
ſo here when the Under Figure is greater than the Up- FR 
per, you muſt in this Caſe add Ten to the Upper, and 
then take the Under out of it, then for this Ten which 


; *. 
P 


you muſt call One that you borrowed, add One to the A 
next Figure, and take it out of that which ſtands over 
it and ſet the Remainder under the Line, proceed thus 
*rill all the Differences be taken, and then the Work 
is done, as in theſe Examples. = + 
py EYES 5 7147 L. lib. 9 
From 5026 2813 47015 . 
Sub. 3578 1642 38148 Rt 
Remains 1448 III 8867 A 1 
But in Numbers of different Denominations, you muſt 
always borrow one of the next greater Denomination and 1 
ſubtract, remembering always to pay the One you bor- « 
rowed, and ſet the Remainder under the Line, as in theſe 
Examples of Money, | F 1 
— 4 15 4 4. 4. 7 
Lent 32051 14 8 ©. ] 
Paid 9447 16 10 1 an - 
L Rem. 22602 17 y St 2; 40 C 4 8 


Of ARITHMETIC. 9 
PAO QF. 
The Proof of this Rule, is to add together the Re- 
W mainder, and the Number to be ſubtracted, and that 
um will be equal to the Number from which Subtrac- 
tien was made, See an Example of Troy Weight, 
4 "30:23": 20:26 
- lib. oz. pw. gr. 
Bought 576 04 11 14 
Sold $27” / 1 190 0 
— _ {ad 


Rem. 148 08 14 19 


Proof 576 04 11 14 


Ts | QUESTION. | 
aſt lsa the Year of our Lord 508, Targuin was baniſhed 
Ee from Rome, for the Raviſhing of Lucretia, I demand 
+ how many Years it is ſince, to this preſent Year 1793? 
P” Set the Numbers down thus. 
nd re 1793 

f Lucretia Raviſhed in 508 

ä 1285 


To conclude this Rule, I ſhall here ſubjoin an Ex- 
2X ample or two uſeful in Buſineſs, which are theſe. 1. TWO 
Men 4 and B, enter into Partnerſhip, and after ſome 

= Time 4 had diſburſt 17/, 35. 3d. B had paid 10. 10s. they 
are now indebted 16/. 13s. and from the Beginning of 
their Partnerſhip they are to pay equal, Quere, What 
has each now to pay of the Debt ? 

4 SOLUTION. 


* l Ne 
From the whole Debt — — 1613 © 


Subtract the X of their Payments — 613 3 


Remains — — — 9 19 9 


Half is what 4 is now to pay — 4 19 * 
A has paid more than B — — 6 13 1 


Sum is what B muſt pay * — I 
94 B 2 PRO O 


4} mutt pay | _*. 


- Sum is = to the Debt — 


Or thus, | 
FEM © d. | 


| | + Oo 
A 242 17 34 and 4 19 105 22 
Bf 22 in all 1 10 10 and 11 13 i 38 3 


Their whole Account was — 44 6 3 


Example 2. A hath Diſburſt 40. 16s. 8d. 2, B has 
paid 26/, 13s. 44. they are now indebted 27/. 18:5. 24. 
I demand what is each to pay, and what was their whole 
Debt at firſt, | 

3 oe” 

2 A 6 

Anſwer {74 mul pay f 75 * 31 
And their whole Account at ſirſt was — 47 1413 


— * 


IV. Of MULTIPLICATION. 


DEFINITION. 


ao 
—œ——öb—ẽ 


ML PLICATION is the taking or repeating of 
one Number or Qgality as often as there are 
ſuppoſed Units in the other. The Number multiplied 
is called the Multiplicand, the Number by which you 
multiply, is the Multiplicator, or Multiplier, and that 
which is found er produced, is called the Product. 
Alſo for Brevity's Sake the Multiplicand and Multiplier 
are called Factors, becauſe between them they make up 
the Product. Multiplication ſerves inſtead of many 
Additions; and this is the Table. R 


* 


- 


9 


0 


To Og 


; r * . _ MAY 1 
* — 1 * 8 n Fs 2 n 
0 n n Yo 


* 1 1 


r 


mung LY . aw * 2 — CT EY" 1 
Rr ie 2 
$32 * N 1 0 on 4 — ys WE. * — 

q en 0 
9 + 4. 7 . 


1 8888 "ow P 
a; 2 enn jo 3 eS. * . 9 
n N 


i: 


\ 
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[| 2| 31 4 51 61 7] 81 gf rol re 12 
2 4| 6] 81011214160 18] 20] 22] 24 
| 2] 6 glrz[15118121124] 271_301_331 36 
4 8|12j16]20|24|28[22]_ 36] 4 44) Z 


ſ1o115]2oi25130135!49} 45 541 551 69f 
| 6112[18]24}30136'42]43] 841 60 6'| 72 
o[14]21]2$}351a2149)55] £21 7 84 
-$1161j24|32140]48|50]04! 721 80] 8>] 96 


| 9118[27136145154i03172| B1] gol 99|108 
10[20130[40|50|bo[70[80l goltoo!1 o 120 


111223314405 50172188 991110112 11132 
12[24136[48[60172[84195|108]1201132]144] 


The Table above is obvious to the meaneſt Capacity, 
for to find one of your Factors on the Head, and the 
other in the firſt Column on the Left Hand, and in the 
Common Angle, or Place of Meeting is the Product. 
Example, what is the Product of 6 multiplied by g ? 
Now it matters not whether you ſeek for the 6 or the g 
on the Head, and the other on the Side, for tis all one, 
you'll find the Product to be 54, and fo of any other. 

The Ground of Multiplication Table may 9g RTF 1 
be demonftrated by this Croſs in the Margin, 6 / \ 4 
for place the two Digits 6 and q, (or any 
other two Digit) on the Left Side, and their 54 
Difference to Ten on the Right Hand, then take the 
Difference from the Digit, (not from it's own, but croſs- 
wiſe) as Four out of Nine, or one out of Six, the Re- 
mainder will be Five, then the two Differences, wiz. 
Four and One multiplied together make Four, which 
with the Five, place under the Line, as you ſee done, 
and it makes 54 for the Product. | 

This may alſo be explained by the Fingers and Thumbs 
of your Hands, for as there are Nine Figures and the Cy- 
pher makes Ten, ſo have we Eight Fingers and Two 
Thumbs make alſo Ten; then if you would know how 
many ſix times Nine, or nine times Six is, (for it's all one) 
Gripe or Clench all your Fingers and Thumbs cloſe, be- 
ing thus, they are all Units, but every one as you raiſe 
up is Ten, then raiſe the Thumb on the Right Hand, 

B 3 | and 


12 
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and call it Six, to anſwer the Six of the Multiplier, then 
raiſe the Thumb of the Left Hand, and call it Six, raiſe 
the Firſt Finger, and call it Seven, raiſe the Second 
Finger and call it Eight, raiſe the Third Finger and call 
it Nine for your other Factor; now all.the Fingers and 
Thumbs that are up are Tens, and thoſe down are 
 Vnits ; add the Tens together make Five, and multiply 
the Units together make Four, ſo I ſee that ſix times 
Nine make 54 as before. 
Here follows Examples for Practice. 


Multiplicands, = - - 52 365 
Multpliers, - - 7 | 9 
Products; <- -, - - 364 3285 
Multiply me - 1681 And — 2561 
AA W | 

3362 20488 

1681 5122 
Products,, 20172 1708 


Note, Ever remember that if your Multiplier conſiſt 
of ever ſo many Places, that the firſt Figure of it's 
Product ſtand under the ſame Place that it's Multi- 
plier poſſeſſeth, then add the particular Products 
together, gives the Product of the Whole. 

Notes upan the Nine Digits. 

I. The Digit One, hath a Property which no other 
Number hath, for it neither multiplieth nor divideth, but 
leaveth the Number to be multiplied or divided the ſame. 

II. Multiplying any given Number by Two, is the 
ſame with doubling of it; and that whether you add 
Two to itſelf, or multiply it in itſelf the Sum and Pro- 
duct are equal. And it is moreover worth taking No- 
tice thereof, that no ſquare Number, how large ſoever, 
can ever terminate, or end with the Digit 2. 

III. If you would multiply any given Number by 3, 
to that Number add the Double thereof, and the Sum 
ſhall be equal to the Product. 

IV. If you would multiply any Number by Four, you 
muſt double the Dablication, and the Sum is the * 


+” F *74 _ * - « þ 
6 <0 wa * 1 r . i 
1 " . y_ 5 p + 4 s 2 * WR GL 
* 3 o 1 9 4 © r K K 7 * 1 3 So, 
3 - 
— 
— — 282 oP 
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V. If you would multiply any Nun ber by Five, add 
a Cypher to the given Number, and take half that Sum 


bor the Product. 
VI. If you would multiply any Number by Six, add 
| 1 Cypher to the given Number, and take half thereof, to 
| 9 which add the given Number, the Sum ſhall be equal to 
tbe Produtt, | 
' Note, Between theſe two laſt mentioned Digits Five and 
Y Six, there is a ſecret Property ; for if you mul- 
tiply either of them in themſelves, the Number 
roduced by ſuch Multiplicaiions, ſhall terminate 
in themſelves, 
| * The Number Six hath another eminent Property, 
for all it's Aliquot Parts are equal to itſelf, as it's Halt, 
ies Third, and it's Sixth, being all added together make 
Six. And of Numbers that have this Property, there are 
but ten to be found, between one, and one Million of Mil- 
lions, which are theſe exhibited in this Table, 
B 6 
ID 28 
in 496 
50 = | 8128 
u. Numbers of 120816 
Ng a Aliquot Parts. 2095128 
i 5 11 33550335 
1 536854528 
er 8589869056 
t 137438691328 
ie, 


= VII. If you would — any Number by Seven; 
3a dd a Cypher to the given Number, and take half thereof, 
o which half add the double of the Number given, the 
; Dum of them ſhall be the Product of the given Number, 
0- Eultiplicd by Seven. 
| VIII. To multiply any Number by Eight, to the given 
Number add a Cypher, and from thence ſubtract the 
5.4 1 1 of the Number given, the Remainder is the Pro- 
ect. | | 


you ; 4 C | IX 


14 Of ARITHMETIC. 


IX. To multiply by Nine, add a Cypher to the given 
Number, and from that Number ſb the given - 1 
ber, the Remainder is the Product. z 


Obſervation, 


This Digit Nine, hath a Privilege above all the other 
Digits; for if you take any Number, the Nines taken 
out of the groſs Sum of that Number, or of all the Parts 
N ſeverally, the remaining Digit will be ſtill the 

e. 


EXAMPLE, 


In the Number 45 there are 5 Nines contained therein, 
ſo if you multiply Nine by Five; the Product is 45. In 
like manner, it you take the Nines out of this Number 
479, it is all one as if you ſhould take the Nines out of 
the ſingle Figures 4, 7, 6, which do make Seventeen, 


from which Nine being taken, there will remain the Digit 
Eight, and alſo if you divide 476 by Nine, the Quo- 
tient will be Fifty two and Eight remaining. | 10 

ſo 


Prof of Multiplication. 
For hence proceeds that falſe Way of provi ig Multipli- | 4 


cation by the Croſs, or by throwing away the Nines out 
of the Factors and Product. | = 
As ſor Inſtance, if 272802 be multiplied by 34123. FE 
the Product will be 9309432384. tha 

Make a Croſs as in the e gu throw the o 


Nines out of the Multiplicand 272802, and * 


* 
-4 SM . 
mi 


x | | 
tte 


chere reſt 3 which I place on the Left Side 
the Croſs. Secondly, throw the Nines out 
of the Multiplier 34125, and the Overplus * 
is Six, which place at the Right Side the Croſs; Thirdly, 4 
the Product of Three by Six is Eighteen, out of which! 
throw the Nines, and there remains o, which place at 
the Top of the Croſs. Laſtly, the Nines thrown out of i 
the Product, Reſt o, which place at the Bottom of the 


Crofs. 4 
Hence 
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Hence, becauſe the Top and Bottom Figures are the 
m- ſame, the Work is proved to be right: I fay this is 
true, but ſuppoſe any of the Figures in the Product are 
tranſpoſed (as I have often known) I'll ſuppoſe thus, 
9390423384, here the Figures being the ſame, when the 
Nines are thrown out, there will alſo remain o, equal with 
the Figure at the Top of the Croſs, which proves the 
her Sum Right, tho' at the ſame Time it be moſt grolsly 


Compendiums in Multiplication, 


> Whenever your Multiplier has Cyphers in the Unites,, 
Tens, or Hundreds Places, & c. place them to the Right 


os. 1 Hand; thus. 

In ; 
ber! 187 392 726 
It of 10 20 500 
een, 8 * 
git © ; 4870 7840 363000 
* 4 How to multiply by any Number under 20, 30, or 40, 

ſo as to bring the Whole Work into one Line. 
Hirt, Any Number under Twenty. 

;pli- | RULE. 


ut 
an . Multiply each Figure in the Multiplicand, by the Uni:es 
123, Fisure in the Multiplier, adding to each it's tack Figure, 

That ſtand on the Right Hand of that you multiplied, only 
mind that the firſt Figure you begin with, is the Thing 


» Melt, there being none to be added to it. 
6 Wa 
> EXAMPLE. 


raly, Let 365 be multiplied by 12, and poſlefs but ong Line. 
hich 
ce al P 365 
ut of 12 

2 4380 5 
Hence C2 Firſt 
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Firſt fay 2 times 5 is 10, that is o, and carry one, then 
2 times 6 is 12, and 1 I carried is 13, and the 5 in the 1 
Unites Place of the Multiplicand makes 18, that is, ſet 
dowyn 8 and carry one, then 2 times 3 is 6 and 1 I carried 
is 7 and the 6 in the Multiplicand makes 13, that is, 3 2 
ict down and Carry 1, which is added to the 3 in the 
Multiplicand, and it makes 4 to ſet down, ſo the Produ 1 
of 3653 by 12, is = 4380. 1 


* 
£ 
* 
5 


£4 


More Examples, 


764 6812 81263 2 
15 18 19 
11460 122616 1543997 cc 


Secondly, Any Number between 20 and zo. N 
Multiply by the Unites of the Multiplicand, add to each ! 
Product the double of the Right Hand Figure, and at laſt 
add what you carried to the double of the laſt Figure in the 3 
Multiplicand, and that will be the true Product. See theſe 
Fxamples and mark them well. | 1 


7384 65981 5486 
23 25 28 
169832 1649525 153608. 7 


In the firſt ſay, 3 times 4 is 12, that is, ſet down | 
2 and carry 1, then 3 times 8 is 24, and 1 I carrie 4 
in Mind makes 25, and the double of 4 in the Multipli- 
cand is 8 added to 25, makes 33, ſet down 3 and carry 
3; then 3 times 3 is 9, and 3 J carried is 12, and 16 (the 
double of 8) makes 28, ſet down 8 and carry 2 ; then 
3 times 7 is 21, and 2 J carried is 23, and 6 the 
double of 3 is 29, ſet down ꝙ and carry z, which added 
to the double of 7, makes 16, which ſet down on tix 
Left Hand of the others under the Line, and it makes the 
Whole Product 169832. : 
| Third'', au. 
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Thirdly, Any Number between 30 and 40. 

Multiply as before, and add the Triple of the Right 
Hand Figure in the Multiplicand to your Product, and at 
laſt, add the Triple of the laſt Figure in the Multiplicand, 


1en 
{et 8 
ried 


; * to what you carried, and ſet them down under the Line and 
- A A then tis done. | 
1 See theſe Examples, 
4 57806 12948 705381 
0 34 36 39 
10965404 455328 27509859 
4 Frurthly, By the firſt Rule, to multiply any Number 
compounded of any Number under 20, the Product is 
b adily found, as by Examples. | 
each 4 468633 79062 
by 3 112 112 
heſe oe 356 948744 
1 40863 79062 
4 5248646 8854944 
A Jugs To multiply by 1614, or 1517, or by 
4 716, C. 


© Firſt multiply by 14 in one Line, and by 16 in the 
cher, and the other Sum by 17 in one Line, and by 15 


rried 3 4 i the other, Cc. See the Work. 

tipli- | 

* 0 357948 79062 
(the W 1014 14517 
then 9 — 

; the 5011272 486285 
ddd 429075 

n tc W — 


Ten Merry Men come to an Alehouſe, and agree with the 
ndlord for a Guinea, per Man, are to have two Pints of 
8 C3 Drink 


ird, 
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Drink, fer Piece, per Day, for ſo long time as they all being 
placed together on one Form at every Drinking. There might 

a divers Tranſmutation of Place; Query, How comes 
the. Landlord off with his Gueſts, both as to Money and | 4 ; 


Time ? "4 
Sixthly, How to multiply by the Component Parts, in- f { 
ſtead of the Whole. l 5 
Example, 5342, by 63? take 7 and g. ; 
| ”7 | 

3794 

9 : 
Produtt - - 34146 1 
; "F ( 
If any odd Numbers are given which are not an even tC 
Product of any two of the Nine Digits. Sc. then take t 
two Figures whoſe Product comes neareſt either, more or Md 


leſs than the given Multiplier, and add if you took a leſs Þ 4 
Number, but ſubtraet if you took more, as in theſe Ex-| 
amples. 9 


1 
8 
4 = 


EX 
* 
1 
1 
* 


Multip'y 9684 by 35, and 738 by 29. 
6 


7 
58104 5166 8 
| 0 4 Wl ty 
Too muck 34862 4 20564 Too little. 
Subtract 9684 Add 738 
Products | 338940 21402 True, 


Seventhly, How to multiply ſeveral Denominations. 
| A 7. Bp 7. 
How much is 7 times 58 „ 2 


r e e 0.8 


7770 


eing | | 
. 3 TROY WEIGHT. 
; 1 lib CZ fro, gr. 


m- £ : Multiply PA - 476 8 14 17 
the By = - - 29 


4 Anſwer 3 13825 1 6 13 


To multiply by Logarithms. 


= Legarithms were firſt invented by Lord Neper, a Scotch 
Y Baron, about the Year 1614, and after compleated by our 
Countryman, Mr Henry Briggs, Profeſſor E Geometry at 
even Oxford, and at Greſham College in London : They perform 
take that by Addition and Subtraftion, that Natural Numbers 
1 or 24 & by Multiplication and Diviſion. And here 
1 el: | : 3 
My 8 Nete, That the Characteriſtick, or Index is always leſs 
9 by one, than the Number of Places of the ab- 
- ſolute Number. 


4 The RULE. 
= To multiply by Logarithms, find the Logarithm of 
Gs two given Factors, and the Sum (rejeCting Radius) is the 
= Logarithm of the Product fought. 
2 EXAMPLE, 
Let the Product of 4736, by 28 be ſought } 


OPERATION. 


3 3.675417 
| TR PS 


132608 - 


5 . 1225697 


7770 ) EXAMPLE; 
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EXAMPLE II. 4 
Multiply me. 375 2.574312 3 
By 15 1. 1760913 : 
Product 5625 3 750 1226 


VI. Of DIVISION. 


DIFINITION. 


een W 

wrt" Fes 8 Sd ik 1 e Se £555 * W 

* „ en $4 A 3% e n . 
» kd TERED FIPS EE TEN IE IT We SHS OS ITS 


of any Whole into Parts, and is only a Compen- 

um of Sybtrafion ; for the Diviſor is ſo many Times 
contained in the Dividend, as there are Unites in the Quo- A 
tient. 'A 
The Number to be divided is called the Dividend; 
that by which you divide the Diviſor, and the Number 
of Times that the Dividend contains the Diviſor is called 
the Quotient, And here Note, That Multiplication and 
Diviſion interchangeably and infallibly prove each other, 
as will be ſhewn by and by. 


Firſti att how oft in Quotient, Anſwer make. 
Then multiply, ſubtraft, a new dividual take. 


What's the Quotient of 354, divided by 6 ? Set the 


D IVISION, ſignifies the diſtributing or parting 


E 
1 
8 
= 

=, 
9 m 


Numbers thus. 
Divifor. DieIderd. Duotient. 
P le! 


6) 354 (59 


IT. 
Rem: © 


Of ARITHMETIC. 21 


More Exam ples for Practice. 


12) 4170 (347 19) 17501 (921 . 
52 40 
— 90 21 
Rem. 6 Rem. 2 
Compendium. 


2 If the Diviſor hath Cyphers in the Unites, Tens, 
Hundreds Place, &. cut them off with a Line, and 
o cut as many Places off in the Dividend and divide 
mes ith the remaining Figures, as you ſee in theſe Ex- 
uo- A . ples. | 


1 
ad; | | 
ber „ 19) 1716 (8 46100) 1357100 (29 
led Ren, 16 fo 
and 92 
her, 4 437 
414 


Rem. 2300 


P ROOF of Diviſun. 


WT The ſureſt Way of proving Diviſion is by Multiplication, 
d of proving Multiplication is by Diviſion. 
Fer if the Product be divided by either Factor, the Quo- 


right. And in Diviſion if you multiply the Diviſor 
che Quotient (and add the Remainder thereto, if any) 
e Product will be the Dividend. Example in Page 17, 
have multiplied 357948, by 1614, and the Product 
; 577728072: Now for Proof, if we divide 577728072 


Mert 


ent will be the other, and nothing will remain if the Sum 
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by 1614, the Quotient will be 357948, and nothing will 


remain, which proves the Work to be right. 


Or, it we divide r by 357948. tt the Quotien: | 


will be 1614, and no 


ing will remain. 


Short Diviſion, 


Short Diviſion is done by ſubtracting as you go or, 
and only ' ſet down the Remainder, and not the Produd |; 


as YOu may perceive by this Work. 
1614) 577728072 (357948 


Rem, 


If you have any Thing to do by Divifion, and you 
would perform the ſame by Multiplication, you may find 
a Factor that will do it, that is, if you divide Unity b 
the Diviſor, that Quotient will be a Multiplicator, by 
which if you multiply your Dividend, this Product wil” 


be equal to the Quotient. 
As for E ramp le. 


Suppoſe I had 1740 to be divided by 4, what Numb a 
is that by which if I multiply 1740, the Product ſhall 1 2 


the fame as if I had divided it by 4) 1740 (435 


14 
20 


O 
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Will 
2 4) 100 (. 25 Factor. 
tient | 5 
by 1740 
N — 
: 8700 
& 3480 
| on, Product 435 The ſame with the Quotient 
luc BY dove. 
Mete, When 1 is divided by 4, there are two Cyphers 
2 added, for which Reaſon I omit two Cyphers 
I in the Product. 
4 Divifion by Ligarithms. 


| © Diviſion by Logarithms is performed by Subtraction, 
3 0 ſubtract the Logarithm of the Diviſor, from the Loga- 
bm of the Dividend, and the Remainder is equal to the 
4 p;orithm of the Quotient. 


mn EXAMPLE I. 
y by Let 132608 be divided by 28, what's the Quotient ? 
Wil, : See the Work. 


Dividend - - 132608 - - $5.1225697 
Diviſor r - 28 - - 1.4471580 


Quotient - - = 4736 - - 3.675417 
EXAMPLE II. 


W Dividend - - 5625 - - = 3.7501226 
= Divifor + « 15 - 1.176913 


Quotient = = 375 - 2.740313 


CHAP, 
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CHAP. IL 
Of REDUCTION. 
'DIFINITION. 


EDUCTION is no Rule properly of itfel!, 
but depends wholly on Multiplication and Diviſion, 

t is either Aſcending or Deſcending: Aſcending is per- 
formed by Diviſion, and is when you would Reduce, or 
bring Things of a leſs Name, to Things of a greater, 
as Farthings into Pounds, . Deſcending is when you 
would Reduce, or bring Things of a greater, to "Thing: 
of a leſſer Name, as Pounds into Shillings, Pence, or 
Farthings, and this is always done by Multiplication. 


QUESTION. 


A Gentleman dying, left 410625 Pounds, to be equal | 


divided amongſt Twenty Nine Perſons; I demand, what 
each muſt have to his Share? 
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See the Work, 


29) 410625 (141597. 


I 
Pence in a Shilling 21 
29) 228 228 (7 Pence. 
203 


Rem. 25 Pence. 
Farthingsin a Penny 4 4 


29) 100 ns (333 "ran 
"uy. 


nally ö Rem. 13 Farthings. 
what WE Anſwer 14159 4. 95. 7d. 3. 


In reducing of great Things into leſſer, multiply by the 
. — Parts, and add in the odd Parts if chere be 
, and the laſt Product is the Anſwer. 


EXAMPLE. 


51. 175. 24. how many Fanhings 
babe gies ade From re were eh 


8 
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In 92025 Farthings, how many Pence, Shillings and 


Pounds ? | ſq 
| 12 me 44 , . 
4) 92025 (23006 (191% (95 17 2 1 
9 6 „ „ „ 4 © © ® [ E 
I 2 17 | 9 
How many Pounds are there in 527 Moidores ? Mu- Ve 
tiply by 27, and divide by 20, e Anſwer will be 
7111. 9s. 


In 711 J. 95. how many Moidores ? Multiply by 20, 
and divide by 27, and the Anſwer you will find to be 527 
Moidores, | . 

Queſt. 3. In 6291. 15 5. 64. how many Pieces of 16% 
of 145, of 124, of 10}, of 82, of 53, and of 14, and cf 
each an equal Number ? Add all the Particulars together, z 
and they make 69 Pence, and Reduce the Money into 
Pence, are 150666 for a Dividend, the Quotient is the 
Anſwer 218332 Pieces. $ 


Note, In Things of this Nature, the Diviſor and Divi b , 
dend muſt always be of one name. = 


Queſt. 4. In 1580 Ells Flemiſa, how many Ells Eng i! . 
Operation. ; 5 


1530 
— 
5) 4740 (948 Ells Engi/o 


veſt. 5. How many Miles, Fusl Poles, Yards, Fee, 
RS; Barley Corns will — 2 the Word 
allowing Norwoed”'s Meaſure of 694 Miles, to one Degi 
of a great Circle. 15 * 

Anſwer, Miles 25020, Furlongs 200160, Pos 

8006400, Yards, 4403 5 200, Feet 1432105600, Inches 
1585267200, Barley Corns 4755 * 
| uh 


Fee, 


Degte te Clock ſtrikes in 24 Hours one Day, which multiply'd 


W 3653, will produce 144639 times that the Clock firikes 


Pole 
[nch& 


2h 
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Que 6. How many ſquare Yards are there in four 
ſquare Miles, 
Anſwer, 49561600 ſquare Yards. 


Of TIME. 


From the Creation of the World, to this preſent Year 


1739» by the beſt of Prophane Hiſtory it is reckoned 5688 
Years, 


how many Minutes are there in the ſame ? 
See the Werk. 


d. b. 


One Year is 365 6 
24 
1466 
730 
Hours 8766 in one Year. 


| 60 
Minutes 525960 in one Yea! 
Years 5688 
4207680 
4207680 
328850 
7 


29800 
2991660480 Minutes. 


Anſwer 


Def. 7. How many times doth a Clock that ſtrike- 


afe 


d Quarters, ſtrike in a Year ? 
it ſtrikes Quarters, that is ten times in 


Hence, beca 


e Hour, excluſive of the Hours, amounts to 240 times in 
Hours, and the times it ſtrikes in 24 Hours exclulive | 


the Quarters, are 156 added to 240, makes 396 times 


a Year, But 396 x 365 = 144340 +81 — 1446521 


of 


p< true Anſwer. 


D 
4 — 
. 
- 


| 
| 
| 
| 
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We. Of MOTION. 


Queſt. 8, If the Difference of the Times of the Lunations | 1 
in 19 Years be 1%. 28! 15", how long will it be before it 


comes to make one Day? 
Anſwer 310 „ Years. * 
Deſt, . I would put oo Hoſheads of London Beer | *. 


into 50 Wine Pipes, what muſt the Caſk contain which 4 


reccives the D ference ? 4 # 
An:wer 4 45 Beer Meaſure, | * 

| | = 
CHAP. III. & 

Of PROGRESSION. 3 
DIFINITION. 3 


ROGRESSION is two fold, 3 4 


tical, and Geometrical. 
Firft, Arithmetical Progreſſion, is when Numbers do 


| proce. d by equal Difference, either increaſing or n N | 


2,5, 8, 11, 14, 17, 20, 23, 26, 29, 32, Ofc. || - Þ| 


4 fy 2, 3, 4» 5» 6, 7» 8, 9, 10, 11, 12. 
8 
5 40, 38, 36, 34, 32, 30, 28, 26, 24» 22, 20. 4 


In the Firſt of theſe, is a continual increaſe of 1 ; in ® 
he Second of 3; in the Third a decreaſe of 2. 
If never ſo m»ny Quantities are ſo proportional (as abo. 94 


the double of the Mean is equal to the Sum of the two 


Extreams, as 1, 2, 3, the double of the 2, the mean, 0: | 
midd c Term, is equal to the Sum of 1 and 3 the two W 
treams, cr. 4» 


To find the Sum. 


The Sum of any Arithmetical Proportion, the Sum 
of all the Terms may be found if you multiply the Sun 
of the firft and laſt by half the Number of Places, or ti 
Number Places, by half the Sam of the firſt _ lat '3 

erm, 


5 2 


| 
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Terms, the Product will be equal to the Sum of all 
the Terms. | ; 

8 So in the Firſt Rank of Numbers, above the Sum of 1 
and 12 is 13, multiply'd by 6 half Number of Places, 
the Product 78 is equal to the Sum of all the Terms. 
And fo often doth a Clock ftrike in 12 Hours. 

l Four Numbers in an Arithmetical Proportion, the Sum of 
the two Means, is equal to the Sum of the two Extreams, 
= So 2, 5, 8, 11, the Sum of p and 8 is 13, and the Sum 
of 2 and 11 is 13. | 


A 2UESTION. 


There was a Wager laid between a Taylor and a Gen- 
tleman's Servant, the Taylor was to gather 100 Stones laid 
a Yard aſſunder, and the other was to run two Miles and 
a half reckoned, from the Place where the Baſket was to 
ſtand, and back again. (I was an Eye Witneſs of the 
Performance). Fhe Taylor won the Wager, Now let 
ne- | us ſee how many Miles the Taylor Run, in gathering up 

"8 the Stones. | 


* 
ng. An Hundred Stones right in a Line, 
1 Exact a Tard aſunder, 
How many Miles then doth be go, 
That gathers up that Number. 


See the Work. 1 


Sum of the firſt and laſt Terms = 10x 
Half Number of Places 50 


— | 
Sum of all the Terms = - - - 5050 N 
2 \ 
Doubled are the Number of Yards =10100 
i The Place where the Race was, they have 8 Yards to 
m Þ the Pole, fo that it amounted to of their Miles 3, Furlongs 


7, Poles 22, and 4 Yards. But 5 Yards to the Pole, it 
anounted to 5 M. 5 F. 36 P. 2 T. 
3 Quest. 


Que. 2. By having the firſt Term and Common Exceſs, 
to find the laſt Term of any Progreſſion, tho* never ſo Plac 
large. 


RULE. £ 
Multiply the Number of Places leſs by one, by the 0 


Common Exceſs, and to the Product add the firſt Term, 
this Sum is equal to the laſt Term ſought, 25 


EXAMPLE. 


In a Series of Numbers, where the firſt Term is 2, the "I 
Common Exceſs 3, and the Number of Places 11, what's 
the lait Term ? . | 


Operation. 


Number of Places leſs 1 = 10 
Common Exceſs - »- -<- = 


C1111 <2 -:- 26 
Fu Term ade 68 


Lal Term 348 "© 


e 


Duefl. 3. The firſt and laſt Terms and Total given, 
to find the Number of Places, 8 


RULE, 
Divide the Sum of all the Terms by the Sum of the firſt 


and laſt Terms, the Quotient is cqual to halÞ the Number 
of Places. | 


EXAMPLE. 


Let the Sum of all the Terms be 187, and the Sum of 
the firſt and laſt Terms 34, what's the Number of Places. 


Anſwer 11. 
Quel 


ceſs, 
r {0 
rm, & 
© 
| 
the 
at's 
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Queſt. 4. The firſt and laſt Terms, and Number of 
Places given, to find the common Exceſs, © 


RULE. 


From the laſt Number take the firſt, the Remainder is a 
Dividend, which divide by the Number of Places leſs by 
1, the Quotient 1s the Common ? 


EXAMPLE. 


Let the laſt Term be 32, and the firſt 2, the Number 
of Places 11, What's the common Exceſs ? 

Anſwer 3. 

2ueſft. 2. Progreſſion Geometrical, or Geometrical Pro- 
portion continued, is when Numbers proceed by equal 
Proportion, or Ratio's, that is, according to ons common 
Multiplier, or Exponent of the common Ratio, whether 
increaſing or decreaſing. 


As, 2, 6, 18, 54, 162, 486, G. 


Here 3 is the common Exceſs or Multiplier. 
Three Nunibers in a Geometrical Proportion, the Square 
of the Mean, is equal to the Rect-angle of the two Ex- 
treams. 80 2. 4. 8, being given, the Square 4 is equal 
to 16, equal to the Product of 2 by 8. 

Four Numbers in a Geometrical Proportion, the Rect- 
angle, or Product of the two Means, is equl to the Rect- 
angle, or Product of the two Extreams, 


EXAMPLE. 


Let 6, 24, 96, 384 be given, the Product of 24 by 
96, is equal to the Product of 6 by 384, viz. 2304. 


If over any Rank of Geometrical Numbers, you place 


a Series of Arithmetical ones, beginning with o, the Aa- 
ation and Subtraftion of the Indexes, anſwer to the Mul- 
tipiication and Diviſion of the Numbers they ſtand over, 


EXAMPLE, 
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EXAMPLE, 


Indexes © 1 2 3 8 
Numbers 1, 2, 4, 8, © 32, 64, 128: 


For 2 added to 3 make 5, which is the Index of 32, {7 
equal to the Product of 4 by 8, alſo the Index of 2 and 
4 is 6, and the Product of 4 by 16 is 64. Wo 

In this are two Caſes, which we ſhall briefly ſet down = 
for the Learner's Practice, 


CASE I. 


| The common Exceſs and the Number of Places given, 
to find the laſt Number. 


RULE, 


Multiply theNumber belonging to any onePlace by itſelf, 
and that Product ſhall be the Number or Term belonging 
to twice ſo many Places wanting one Place, which Term 
multiply by the common Exceſs, gives the Term of the 

Progreſſion that you ſeek. 


EXAMPLE. 


Let the Term or Number anſwering to the 33d Place, 
or Sum of all the Terms be ſought, the common Exceſs 
being 2 
Here by obſerving well the Premiſes the following Work 
will be evident. | 
For Firſt, You ſee the Farthings anſwering the 5th Nail 
are 16, which being ſquared are 296, the Farthings an- 
B or Place, and fo on, as you ſee here 
On. — * | 
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Farthings. Nails. 
I 


16 ſquared is equal to 256 | 9 


do 
wa 
SI 
Ov 
8 
O 


3 2 — 
5 bp 655 36 ſquaredis = 4195967296 | 33 
4 Here yow ſee that 65536, the Farthings anſwering the · 
ech Place, or Nail, 2 ſquared, gives the Farthings 
85 n{wering the 33d Place, and ſo on ad infinitum. 
8 CASE U. 


Given, the common Exceſs and the laſt Term, to find 
10 Sum of all the Terms. 


RU LE. 


Multiply the laſt Term by the common Exceſs, and 
om the Product take the ficſt Term, divide the Remainder 

the common Exceſs leſs by o e, the Quotient is the Sum 
Fall the Terms, ce 


| 


EXAMPLE. 


What's the Sum of 1, 2, 4, 8, 16, 32. : 
Operation. 
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Operation. 


r 32 
Common Exceſs - - - 2 


64 
Firſt Term Subt. 1 
1) 63 (6 
Anſwer 63. E 


By this Rule is ſolved the Queſtion of buying a Horſe 


having four Shoes, and in every Shoe eight Nails, ata 
Farthing the firſt Nail, and ſo doubling to the End of z: 
1 working according as has been t above, you 

the Sum of all the Terms, or Farthings to be 
4294967 295, which reduced are 447 3924 4. 55. 34. 34 
and ſo Is 


will 


much doth the Horſe coſt at that Price. 


- 
. 
- — — 
. 


C HAP. IV. 


Direct. 


DdIFINIT ION. 


HE Rule of Three, or the Rule of Proportion, is 

commonly called the Golden Rule, for it's excellent 
Uſe, it teaches to find a Fourth Number, which ſhall have 
the ſame Proportion to the Third, as the Second has to the 
Firſt, or as the Firſt is to the Second, ſo is the Third to 
the Fourth. 


Nie Single RULE of THREE | 


This Rule is known thus; If more require more, or 


leſs require leſs, the Queſtion belongs to this Rule: 
How to State the Queſtion. 


The Demand muſt be always in the Third Place, the 
Firſt muſt be of the ſame Name, + 424 


+ © 


le 
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And the Anſwer to the Queſtion will be of the ſame 
Name with th the Middle Term: The Queſtion being thus 
WStated, multiply the d and Third Terms together, 
and divide the Product by the Firſt Term, the Quotient is 
the Anſwer. 


EXAMPLE. 

= 2rzeft. 1ſt. If 8 Yards of Cloth coſt 167, 135. 4 4. 
—X what will 64 Yards coſt at that Rate? 

= Note, Here the Demand lyeth in the 64, therefore it 
muſt poſſeſs the Third Place. 


Tek N „ -< - Vat 
If 82 16 13 4 = 64 


20 4000 
333 8)256000(32000 
44 . 
4000 16 
o 
; 2)0 " 
12) 32000 (#66' (133 
80 Rem. 67 
80 i 
80 
Rem. 8 . 


Anſwer 133 J. 65. 8 4. 
Que. 2. A Fruiterer bought 2001 Apples at three for 
2 Penny, and he alſo buys 2001 more, at 2 for a Penny, 
which he mingles together, and ſells them out at 5 for Two 
Pence; I. demand, whether he gain'd or loſt by the Bar- 
454 gain, and how much ? * 
= Anſwer he loſt in the Whole 5 5. 6 d. 249. 
Lee. 3. A Poulterer had 60 J. left him fora Lega 
which he laid out in Eggs on this wiſe, viz. he bough 
; | | 30 ts 
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30 J. worth in at two for a Penny and fold them out at four 

r a Penny, he alſo laid out the other 30 J. in Eggs, and 

bought them in at four a Penny, and then out at two a 

a Penny; now do I demand whether he gained or loſt in 

the Whole, and how much ? 1 : 

Anſwer he gained 15 J. 4 

Queft. 4. How many Ten Inch Tiles will ſerve to pave 

| a Floor that is 18 Yards long, and 18 Yards broad? 1 

| Anſwer 41 99 188 . I 

| Quest. 5. If one Pound of Nutmegs be in value to 50 

Oranges, and 70 Oranges to 40 Lemons, and one Lemon 

worth three half Pence, what's the Price of one Pound 

of Nutmegs at that Rate? 7 

Anſwer 3 s, 6 d. 139. Pp. 

n weſt. 6. If 6 Pounds of Pepper be worth 13 Pounds 

| of Ginger, and 19 Pounds of Ginger be worth 44 0 
| Cloves, and 10 Pounds of Cloves be worth 63 Pounds of 
| Sugar, at 5d. per Pound, what's the Value of 100 

| Weight of Pepper ? +. 


Operation. 


Pepper 6 = 13 Ginger, 
Ginger 19 = 4 25 Cloves. 
Cloves 10 = 63 Sugar. 
Sugar 1= 5 Pence. 
What Pence = 112 Pepper. 
_ Anſwer 7/. 25. 54d. 3 Fe. 


m_ * 


CHAP. V. 


De Single RU L E f THREE In | 
direct, or the backward RULE, con- 
monly called Inverſe. , 
 DIFINITION. 
Ih this Rule there are always three Things given to find 


a. fourth, that bears ſuch tion to the firſt, that 
Second doth to the Third. A 8 , 


He: 
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How to State the 2ueſtion. 


= Here, the Demand muſt be in the third Place, the firſt 
5 nd third of one Name, every Term brought into it's loweſt 
Name, then the Product of the Firſt and Second divided by 
he Third, gives the Anſwer, which is always of the ſame 
3 ame with the middle Term. And the Queſtions that 
Pelong to this Rule are always known thus; if lels require 
nore, or more require leſs, the Queſtion is indirect. 


EXAMPLE. 


nas BE rue. 1. If for 20s, I have 7 C. 32, 4 1. car- 
F 1 Pied 40 Miles, how much Weight may I have carried 30 
$ 


Niles for the ſame Money? 
Here leſs requires more, that is, leſs Miles, requires 
more Weight. | 


Operation. 


K 
1 
If 40: 7 3 4 2 30 F 


4 
31 
252 
62 
In- : 872 


40 W. S. . ab 
30) 34880 (116233 =10 1 143. 


: | Oreft. 2. How many Yards of half Yard-wide will 
Wine a Cloak, which hath in it 5 Yards of 7 Quarters wide? 
2 Anſwer 17 y. 29. | 

at | 


Ho! 1 . 


x 
ey 

35 

7 


. 
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Queſt. 3. A Meſſenger makes a Journey in 8 Days when 3 
the Day is 10 Hours long, I would know in how many 
Days he will go the ſame when the Day is 15 Hours long! 
More requires Leſs, ; 6: 

Anſwer 5D. 8 H. F 3 


= CHAP. VI 
Of PLURAL PROPORTION 


Or the Double Rule of Three Dire. ® 


DEFINITION. 3 


ERE are always five Numbers given to find a Six! 

in proportion; in three of which there always lyeth | 

a Suppoſition, and a Demand in the other two, and thi 
may be done either by two ſingle Rules of three, or elſe 2 
one Operation by ſtating the whole five Numbers, as [| 
ſhall ſhew in an Example. 3 


Aucſt. 1. A Carrier receives 14 7. for the Carriage 0 1. 
one Hundred. Weight 50 Miles, I demand what he ouzh:| 
to receive for the Carriage of 3 C. 12 18 J. 20 Mile, the 


Firſt, I ſhall work it at two Operations by the Singe 
Rule of Three Direct: And here Note, it matters no: 


« 


tn 


] 


whether I take the Weight or the Miles in the firlt Operation, the 


for the Anſwer will be the ſame which ever be taken. 


Firſt I ſhall take che Weight and work it thus, = EF 
. . InP = dle 
VT ; 


11) $348 (475. 96: 


Se ori, 


* — 
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adly, If go M. : 47s. 9d. :: 20 M. 


50) 11460 (229 4. = 195.1 &. 
Anſwer, 19s. 14. oft g. 


= S:conly, If we take the Miles firſt, then the fourth pro- 
Portional Term will be 53.5. which muſt be the ſecond 
erm in the ſecond Work. Thus 


2 lib. J. Jib. J. d. „ 
ir If 112:54 :: 382: 19 1 : 
* 1 Anſwer 19s. 14. org: 
fe x ; 
151 The Ja Queſtion varied, which is a Proof of the Rule. 


e 0 = Every Queſtion in this Rule may be varied, that is, 
MIN phy be {tated by putting what was before given, now in 
tiles. the emand's Place. 'Thus, | 

inge! If a Carrier receive 19s. 19. 0+ J. for the Carriage 
no ef 3 C. 12. 18 /ib. 20 Miles, what muſt he receive {or 
tion, tde Carriage of one Hundred Weight 50 Milcs ? 

aken. Anſwer 14 s. x 

8 s 
5 2 Queſtions are anſwered at one Operation as you ſee 
7 lib. M. s. C. 9. lib. M. 
M. If 112:5c0:14:: 3. nr 3: 18 £ 20 


: Anſwer 195. 1 d. of g. 

C. 2. lib. M. . d. 9. ib. M. 
| Secondly, If 3 1 18: 20: 19 104% :112:50 
| Anſwer 14. 5. 


{for 76 Days, at 5 fer Cent. per Annum ? 


Anſwer 5 4. O r.. 5 


1300000 


| E 2 CHAP: 
0 and 4 


Que. 3. What's the Simple Intereſt of 2 Guineas 
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CHAP. vn. 3 


Of PLURAL PROPORTION 
or the Double RULE THREE 
Iani rect. = 


DEFINITION. 4 
H E RE are always five Numbers given to find a Sixth 2 


in an inverted Proportion. And as in all the fore 
going Rules, ſo here, all the Difficulty lyeth in ſtating the 
Quetti-n, and to know truly when a Queſtion falls under 
this Rule, that they are ſuch as require to find Men, Prin- 


cipal, Time, Weight, &c. 
To fate the Queſtion, 


This being known, you muſt obſerve that the three fit 
Terms mult be the Suppoſition, and the Demand i! 1 
the two laſt Places, and that you put in the firſt Place 
the Work, the Price, the Intereſt, the Produce, &. 
and the ſecond Term muſt be Time, Principal, Weight, 
Miles, Men; the third Term muſt be of that Name you 
are ſeeking; the ſecond and fourth of one, and the ſecond 
and fifth of the ſame Name. Theſe things being known, 
the Product of the ſecond, third and fourth Terms, divided 
by the Product of the firſt and fifth Terms gives the An- 
{wer to the Queſti on. | S 


EXAMPLE KC 


SED Wo EO 8 
OR ES PT 


Que. 1. A Carrier receives 19 s. 1 4. ot 9. for the 
Carriage of 3C. 1 Q. 18 4. 20 Miles. I demand hov 2 


much he muſt carry 50 Miles for 14 5. . Ws 7 
| State it thus, 67 
%% 6 M. ,. 2. n. „ 4 


If 19 1 % 20: 3 1 13814: 50 


Work 
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Work according to the Directions, and the Anſwer will 
F 112 /i4. = one Hundred Weight. 

= Note, Every Queſtion in this Rule may be varied four 
* ſeveral Ways, as you may perceive by what 

A follows. | 

NE Queſt. 2. A Carrier receives 14 s. for the Carriage of 
\ 5 2 . 50 Miles, I demand how much he muſt carry 20 
Nies for 195. 14. 079. 


4 State it thus, 
* „„ "en SN 


. | If 14:50:112::19 1 of: 20 
Anſwer 3 C. 1 L. 18/16. 


Aue. 3. A Carrier receives 19s. 1 d. 04g. for 
e Carriage of 3C. 1 Q. 18 /44, 20 Miles, I demand 
= many Miles he may carry one Hundred Weight 
Ir 14 5. 


; State it thus, 


. . G. , M., . . . 
4 820-2 04 +4 1-38" 3.4041 34. 3- 143> 

Anſwer 50 Miles, 

. 4. A Carrier receives 14s. for the Carriage 

one Hundred Weight 5o Miles, how many Miles mult 

carry 3C. 1 2. 18 /ib. 20 Miles for 195.14, of g. 


State it thus, 


1 „ G.. . 
1 14:118; $0::19 1 4:2 


18 
= Anſwer 20 Miles. 
the 3 N 
e. 5. Put out for 7 Months a Sum of Money, at 


Te Cent per Annum, and received for Intereſt 2 J. 17 5s. 
4. 1 demand what was the Sum lent ? | 


5 Anſwer 98 J. 65. 5 4. 55355 7 


Quelle 
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. 


9ueft. 6. An Uſurer receives 2 J. 17 5. 44 d. for the 
Intereſt of 98 J. 65s. 5d. 0433299. for 7 Months, I de-. 
mand in what time 5/. will gain 1 C. Principal ? | 4 

Anſwer 12 Months. ye « 

I have given now the Ground and Foundation of Aritkl- 
metic through all Parts of the Golden Rule, I ſhall only 
touch upon the reſt of the Rules in a few Queſtions, and 
be as brief as poſhble. - 4 „ 1 
1 And firſt of Single Fellowſhip, or Fellowſhip without 

ne. - 5 8 


S * 


«+. 


— — 


I. Single Fellowſhip. 


HIS is a Rule amongſt Merchants for Balanciny 
Accompts. 3 ke 

| 1 The RULE, | 0 

As the whole Stock of all the Partners, is in Proportion 

to the whole Gain or Loſs; ſo is each Man's particular 

Share in the Stock, to each Man's particular Share in the 

Gain or Loſs. 5 

Quest. 1. A, B and C bought a Houſe, for 329 J. 15. 

7 d. A paid one half ſo much as B, B paid one half ſo 

much as C, what did each Man pay? | = 

Mie, You may ſuppoſe paid any Sum at Pleaſure, A: RY 

ſuppoſe 1 2/, "oh 

„ AST 


188 8 10 329 

Anſwer „„ 
5 „ 
Proof i 6 bt 
Quel. 2. Suppoſe the Grandfather 4, the Father B, 
the Son C, met together and ſpent 205. when the Reckon- MW 
ing came to be paid, the Grandfather would pay one Half, 
the Father one Third, the Son one Fourth, now I Would 
know how much each muſt pay of the Reckoning ? 


J. 9. 

A 9 2 375 ' 
' Anſwer JB 6 1 333 

CC 4 7 158 S 


Proof 20 © 0 
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Queſt. 3. Four Gentlemen at the Tavern drinking till 
be Reckoning came to 20s. the Duke would pay one 
WET hird, the Earl one Fourth, the Knight one Fifth, and 
the Squire one Sixth Part, which Parts all together makes 


ith. enly 19 5. now I would know what each mult pay? 
nly | 
and CK 

% Duke 7 0 ; 04 27 
10ut ; Earl $44 12 

b Anſwer Knight 4 2 Ne 17 
ED 'Squire 3 6 o 257 

Proof | 33 


* 


: II. Fellow/hip with Tinte, or the Double 
x Rule. 
RULE. 


5 RA AULTIPLY the particular Stocks of each Perſon 
= 1 by the Time of Continuance, and the Sum of the 


52 
* 


* 
7 


2 


ſeveral Products, make the firſt Term in the Single Rule of 
Three Direct, the whole Gain or Loſs the Second, and 
every Man's particular Stock, Multiplied by it's Time, 
WE tne Third. 

= 2xeft. 1. Three Merchants, 4, B and C, make a Stock 
of 2840“. of which A lays in 899 J. for 4 Months, 
= B 1681 /. for 7 Months, and C 260 for 12 Months, with 
this they gain 1420 /. what is each Man's Share? Ly 


Ba J | EL RAY A PO 

Tal : # $96" 3 8. 03242” .. 

ul Anſwer 4 004 0: 6 222 
C 239 14 O Iritgy 


Queft. 2. A Ship's Company take a Prize of 718 J. 15 5; 
which is to be divided amongſt theme according to their 
Pay and Time they have been on Board; the Officers and 
Midihipmen 6 Months, and the Sailors 4 Months, the 
Officers one with another 40 J. per Month, the Midſhip- 

men 
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Men 30 Shillings per Month, and the Sailors 24 Shilling ; 


1 
-* 
* 


per Month, there were 6 Officers, 13 Midſhipmen, 0 . 


93 Sailors, what mult each have to his Share? 3 * 

ä 9 

| 0 ip 

Om 104 18 9 S254 not 

Anſwer & Midſhipm. 127 10 7 15345 — 
Sailors 486 11 311 3 


Proof = 718 15 © © (2 


III. Of Alligation Medial. 


DEFINITION. 


E ACH Es to find a mean Price of ſeveral Simpl 
1 þ propounded. * 
Queſt. 1. Admit there were melted and mixed togethe] 
two kinds of Silver, one worth 5 s, 3 d. and the oth: 
4 5. 9d. per Ounce, and there were 8 Ounces of the Fort 
mer and 17 of the Latter, what's the Value of one Que 
of that Mixture ? wth 
Anſwer 43. 10d. 3279. * 
Dueft. 2. An Hoſtler mix'd Provender for his Horſe, i 
biz. 18 Buſhels of Oates, at 2s. 1d. per Buſhel, with 16 
Buſhels of Beans, at 4s. 9d. per Buſhel, and 13 Buſhebh 
of Malt, at 3s, 10d. per Buſhel, now do I demand wb. 
a Peck of this Mixture is worth? ; 
Anſwer 10 d. 


— 


IV. Of Alligation Alternate. 


DIFINITION. 
"HIS Rule hath it's Name from binding, tying, or 


uniting many Particulars into one Mals or Sum; 
| for here are always given the particular Prices of ſeveri 
| Simples, 


— 
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Wimples, and thereby we diſcover ſuch Quantities of thoſe 
imples, as being mingled together, ſhall bear a certain 
Nate propounded. 
Que. A Vintner hath four Sorts of Wines of ſeveral 
Prices, viz. one of 4s. per Gallon, another of 4. 67. 
another at 5s. 24. and another of 6 X cj lon, of 
Fhich Wines he would have a Mixture made of 60 Gallons, 
nd to bear a Price of 5 f. per Gallon, I would know,. 
pow much mult be taken of each Sort? 


Note, You muſt always be careful to link two together, 


— 4 whereof one is greater, and the other leſſer than 
$ the common Price. 


RULE: 


Then as the Sum of the Differences, is to the Sum pro- 
poſed, ſo is cach particular Difference, to each particular 


* | Quantity. And every Queſtion may be linked ſeveral 
e e 45 appears by theſe Examples, 
Fo * (48 — 12 8 

: 4 2 
unde 0 60 d. 81 | 6 S 

95 72 12 & 
(es, | TI 5 
1 16 Sum 32 „ 
ſheß 8 
Wh. 12 : 2242 : g 

* | : 7E 

b As 32 : 60 :: 0 6 g "Pp 

3 (12 : 2233 

L Proof = 60 wo es 

: A Second Way of Linking. 

48 
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12 2270 N 
| , "oy 2 . 37 I 1 ö 
* 32 60612 : 2245 | 
| 6 11-28 4 D 
| 3? 
| A Third Way of Linking. | ; Ir 
* 81 
48 12 12 0. 
— ) 2, 12 | 14 = M 
72 6,12] 18 * 
Sum 58 1 
: 12 1473 
8 . $14 : 1045 
Ko co-: 66:: p _ 
18 2143 
Sum 60 Proof. 


By the Work above it is plain, that in the firſt Way 
inking, there muſt be 224 of 4s. fer Gallon, in th: 
Second Way there mult be 225 of the ſame Sort; but in 

the Third Way, there muſt be of that Sort 145 Gallon, 
and ſo of the reſt. | | SY 


* —_— 1 
— * — 


N | 15 
v. Of Vulgar FRACTIONS. Mt 
DEFINITION. * 


T HE Word Fraction ſignifies a Breaking, or Breaci 
of any entire Thing into Parts; now the Unite, o 
entire Number which is to be broken, may be any thing, be 
as one Pound, one Yard, one Year, exc. | 

This Table will explain the ſeveral Names of Fractions, 
better than many Words. | N 
Numerator 
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Numerator I 3 


Denominator 4 5 


Proper Fractions are, 4 or 4 or + 

Improper Fractions are, + or + or 14 

Single Fractions are + or I or £ or + 
compound Fractions are, + of 4 of $5 of 44 
=X Mixt Numbers are, 85 or 125 or 14 or 11g 


4 
1 4 a 
73 


No before we can proceed in the known Rules, we 
Puſt firſt know how to reduce a Fraction into it's known 
WDuantity, according to the Nature of the Queltion. 

1. And if the Fraction is mixt, multiply the whole 
Number by the Denominator, and to the Product add 
e Numerator, that Product is a new Numerator, which 
Jace over the Denominator and *tis done, 


2. If you would reduce a whole Number into an 
Improper Fraction, multiply the given Number by the 
Intended Denominator, ou | place the Product for a Nume- 
tor over the intended Denominator. 


a * 3. When you have an Improper Fraction to reduce 
ut n to a Whole or mixt Number, divide the Numera- 


lom r by the Denominator, the Quotient is the whole Num- 
per, and if any thing remain, place it for a Numerator 
Per the Diviſor, or Denominator, 


E1 4 If you would reduce Fractions into their loweſt 
erm. 8 


Ag, If they end in Cyphers cut them off, and take 
5 he half of the ſignificant Figures as long as you can. 


= Secondly, If they both end in 5, or one 5 and the other 
ao, then divide them ſeverally by 5, and the two Quo- 
ents ſhall be equal to the Fraction given. 


WY Thirdly, But the beſt Way is to find a Common Mea- 
ach ure, by dividing the Denominator by the Numerator, 
r rontinually till nothing remain, and this laſt Quotient will 
10% e a Common Meaſure that will divide both Numerator 

nd Denominator without any Remainder, and reduce the 
ons, WF raftion in it's loweſt Term. 


8 
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| $0 if 24% were the Fraktion given to be brought int 
it's loweſt Term, the Work will ſtand thus, Shit 1 3 


246) 864 (3 
738 
126) 246 (1 
"=o 


120) 126 (1 
120 


6) 120 (20 


o 2 
6 is the common Meaſure. # 


6) 246 (41 6) 864 (146 
Anſwer Fer in it's loweſt Term: 


„ 
D 
HS 


When you have a compound Fraction to bring 
into a fingle Fraction, multiply all the Numeratos 
together for a new Numerator, and all the Denominaton 
together for a new Denominator. So 4 of 4+ of 3 of + wil 
be 1 1 ſingle. / 
Que. 6. When you would find the Value of a Fraction WW 
in any known Meaſure, c. multiply the Numerator af 
the given Fraction, by the Parts of the next inferiour De- 
Nomination, and divide the Product by the Denominato;, 
the Quotient is it's Value in the ſame Parts yo! 
multiplied by. So if + of a Pound Sterling were given 
know it's Value, you will find it to be 14 s. 3 4. 157. 

Allo 4 of + of 4 of 4 Shillings is 1 5. 

And + of 4 of a Mile, you will find to be 3 Furlong, 
30 Poles, 

And 5 of + of a Yard, is 29. Of n. 

And 34 of an Ell Englifs, is 49. 2+n. 
And +x of a Week, is 5 d. 36. 120. 
7. When you have Fractions of unequal Denomint 
tions, firſt bring them into their loweſt Terms, then 
multiply all the Denominators together, for a commu 
Denominator, then multiply continually the Numerator 0! 
each Fraction by all the Denominatars except it's. 0! 


all 
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ind Ind that will give new Numerators to be ſet over the com- 
non Denominator. 

Reduce 4 and $ to a common Denominator, 

Anſwer zt and 211 

8. When you have Fractions to be reduced from 
—pne Denomination to another, either aſcending, or de- 


* 1, When a Fraction is brought from a leſſer to a greater 
"Denomination, make of it a Compound Fraction, by com- 
paring it with the intermediate Denominations between it, 

and that you would have it reduced to, then by the 5 here- 
5 bring it into a ſingle Fraction, and 'tis done. 

5 


EXAMPLE. 


© What Part of a Pound Sterling is I of a Penny ? 
Firſt make of it a Compound Fract ion, thus 4 of n ef 
does and by the 5 hereof it is, u, of a Pound Sterling. 
. © So of a Penny is Z of a Shilling. 
riß, What part of a Pound is 8 d ? 
ados ; Anſwer, T 8. 
* = What part of a Crown is 2 of a Penny ? 
Au ; Anſwer, 248. 


N 

| 

* 
* 
KS 
ö 


ga! 2 But if you would reduce a Fraction of a greater, to 

dor Fraction of a lefler Name, multiply the Numerator by 

70 the Parts contained in the ſeveral Denominations betwixt 

* it; and that you would reduce it to, and place the laſt 
you 


Product over the Denominator of the given Fraction. 
" EXAMPLE. 


| Reduce the of a Pound to the Fraction of a Penny ? 
1 Anſwer, 2. 


—— —„—-— 


* 


VI Of ADDITION. 


EFORE Fractions can be added they muſt be 
reduced to a common Denominator, if they have 


dot ſuch, 
F Quell. 


mina: 
then 
mmon 
tor 0! 
Own; 
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Shilling ? 
Anſwer, 2s. 2d. 


Queſt. 2. What's the Sum of X of 4 Fa y . 8. 3 of a 2 8 


Penny, + of a Shilling, and 4 of a Pound ? 


Firſt by reducing them to the Fraction of one Farthing. 


27. 3d. 4. 30. 


Firf, The Numerator 3 of the Pound is multiplied by | | 


the Farthings in a Pound, 960 = *** 


| SK , _— 
Secondly, The Numerator of the Shillings is multiplied Þ 


by the Farthings in a Shilling 48 = 4# grs. 


Laſtly, The Numerator 3 of the Farthings, is mutiplied 5 


by 4, the Farthings in a Penny, and it is 97. 35 and 


now becauſe they have all one Denominator, the Work] 


ſtands thus. 
| | 2880 
Numerator. } 48 
12 
1 


— 12 J. 
ene 


— — — uu —— 


1 3 3 


Anſwer 155. 34. 349. | 

Secondly, I ſhall give the Solution by reducing them to 
the Fraction of a Pound, by making of them compound 
Fractions; thus, 


Being reduced to a Common Denominator will be 
01165 181488 387488. 

Anſwer 335388 = 15s. 2d. 339. © 

Duet. 3. What is the Sum of 4 of a Minute, 3 of an 
Hour, 5 of a Day, 3 of a Week, J of a Month, and 5 
of a Year ; ſuppoſing the Year to contain only 13 Months? 


Anſwer'12m. ow. 6d. 13h, 8' 4o", 
| VII. 


Que. 1. What's the Sum of 4 and 3 and 4 and f 
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— 


„vi. Of SUBTRACTION. 


F the Fractions have unequal Denominators, they muſt 


by I be reduced to equal Denominators as has been {ught 
; F above. 
ied | | What's the Difference between N and g! 
; Anſwer £; 7T6 = ＋· 
ied | What's the Difference between +4 and +5 of any thing? 
nd | © Anſwer - 
mk What's the Difference between 3 of à, and + of + of a 
| Foubd Sterling ? 


Anſwer g = 35. 94. 

What's the Difference betwen 3 and 5, 17 
Anſwer 2 + 

What's the Difference between 1 and } ? 
Anſwer 2 

What's the Difference between 14 4 and 294 ? 
Anſwer 14 2, 


* 2 —— 


— — — 


I vil. Of MULTIPLICATION. 


to 


nd F the Fraftions be fingle, multiply the Numerators 


| together for a new Numerator, and the Denominators 
together for a new Denominator. 

2 If the Fractions are mixt Numbers, reduce them to 
Improper FraQtions. 

3 If they are Compound, reduce em nts 1 ractions. 

Queſt. i. What” s the Product of +5 by Vr 

Aniwer 1 

Woe 2. What's the Product of 4 by 2 4 ? 

wer 

Nel. 3. What s the Product of 3 by 12 ? 

Answer 3 
Queſt. 4 What s the Product of + of 4 x of 5 by 3 J ? 


Aniwer TT 
F'2 Queſt, 
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Que. 5. What's the Product of 4 of 4 of f by 7 4? 


Anſwer 34, 

Quel. 6. What's the Product of 5 f by 3? 

Anſwer 16 4, = 

Duet. 7. What's the Product of 3 of a Pound multiplie| * 
by + of a Pound? | 

Anſwer 2 =105s. | 

Breſt, S. What's the Square of 35. 114, aPound the Integen 

Aniwer gd. 013319920 g * 

But if a Shilling be put for the Integer, the Anſwer} * 

Will be 15s. 4d. o 9. ; 


.£ 
"ym 4 ”_ 
2 7 4 » - 4 D | : 4 * 
8 +” ” YT” he * * 2 A 2 N 2 * 4, 
2 © /D — 
=. wa. hy LCY 


5 


| 5 2 
| | | 9: 
IX. Of Diviſion of Vulgar Frattions. Þ 4 

of 


# H A T has been ſaid in the laſt Article of reduciu Þ 
b of Fractions, muſt be obſerved here. 


Left, 1. What's the Quotient of + divided by 4 ? 
RULE. 


; 
2 


Multiply the Numerator of the Diviſor by the Denomi- 
nator of the Dividend, and the Product is a new Denomi- 
nator; multiply the Denominator of the Diviſor by the 
Numecator of the Dividend, the Product is a new Nu- 
merator. See the Work, 


Müzik; 
Nueſt. 2. What's the Quotient of 4 divided by 252 
inn 
Queſt. 3. What's the Quotient of + divided by t ? 
RT 


Note, As in whole Numbers, fo here you ſee Unity 
neither multiplies nor divides. 


Oueſt. 4. What's the Quotient of 4 of 4 of 4 divided | 


by 3 of of 4 ? 3 
1700 38881 | Ou 


3 ? 


ci; Þ 
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Nel. 5. What's the 2 7 of + of 5 divided by 7 2 
: 7 2 © i 
2250. 6. What s the Quotient of 4 of + of ʒ divided 
"BY 
| Deel fe 
Luft. 7. What's the Quotient of 4 4 divided by 3 4 ? 
A 7) P(4H=134 
Quel. 8. What's the Quotient of 85 divided by 3 of 3? 
3 45) (Ar 
Que. 9. What's the Quotient of 975; divided by 187 
| Queft. 10. What's the Quotient of 16 divided by 4 r 
| I 7 (L=215 
4 Jef 11. What's the Quotient of 20 divided by 
b 
170 * © 36 60=1 80 
Qu. 12. What's the 9 of 12 divided by 55 ? 
11 1 1 (12 | 


nity 


ded 


x The Single Rule of Three Direct in 


Vulgar Fractions. 
QUESTION I. 


F 122 Yards of Cloth coſt 155, 04. what will 48" 
Yards coſt at that Rate ? A Shilling the Integer, 


State it thus, 


Tf w . 22 45 4235 
Anſwer 34. O. 9d. fe _ 
The 
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The ſame Queſtion anſwered by putting a Pound for the | f 
— . F 


4.59 


State it thus, Y 


Tf 5 2 7 4, $7233 * 
Aae 3 Fl 0 4. 245055 41: V. 
Que. 2. 1. a Yard *. Cloth coſt 3 of a Pound, J 1 

What will 3 5 an g Ell coſt ? T7 


Note, The Yard muſt be reduced to the FraQtion of aa 
Ell, or elſe the Ell to the Fraction of a Yard; | } 


by the firſt it will ſtand. thus, F 
| __ 15. is 2 of 4 of an Ell. Single 2% Ell. | 
= F © 
4 If * 4 1 2 
0 Anſwer 5 6 LS | 
Peſt. 3. If an Ounce of Gold be worth 3 J. 18's, 11. 
how much may I buy for 342 J. & 


Anſwer 18 Nr 03394 gr, 5 

| Queſt. 4. 14 Herring coſt 14 4, how many may!!! 

| buy for 11 4. ; 
Anſwer 11. = 

For as the ſecond Term is equal to the firſt, ſo will ble |, 

fourth be to the third, Nr 


F * * 
2 


— —_— 


— 


XI. Rules of PRACTICE. | 
DEFINITION. 


RACTICE is a Rule; which expeditiouſly an. . 
| ſwers 1 in the Rule of Three, when the fri 
| erm is Unity or 1: And for the Reader's better Im- 


| E vement, he mult be ſure to get the following Table by 


Of ARITHMETIC. os 


e 
4 A Table of Aliquot Parts: 
FEFren Parts Fractional | Uneven Even Fractional | 
of a Pound. | Parts: Parts of a} Parts. Parts, | [ 
9 Pound. ; 
_ yy. 4. | | 
nd, 10 of 4 9) /10 5 41x +} 
= 6 811 18 10 4 4T7T7T | 
$433 17 110 5 2/3 + T5 
ny 4 o| 4 16 | 10 4 27 5 Ts 
d; | 1 3 4 by 15 10 5 17 1 
; : * 5 OY oo ohh, 7 1 * 
wy * © 18 Inn 
1 8 1 1 7 12 1 on 2 1 15 ; 
= ' 3] 7 117 5 4 24 F 75 
B 8 14 f 
1. 1 % 8 7 5 2 4 75 
&hþ o 74 | TE oo 913, T6 
4 O 6 I'S 3/ \ 2 1 TSS 
193 
ken Parts [Even Parts]Even Parts Even Parts [Even Parts| 
the pf a Shilling. of a Pound.fof a Pound. [of a Shilling. of a Penny 
= | dc. 7. "Pp 
162 6 25 1 8 1 77 1 F 
11141 4 * |2 Ties | 2 * 2 2 
TE:3:--.4 3.'vo-[ 3 vio | 3 T6 3 $ 
2 2 2 735 | 
| 14 3 14 158 | | 
TT | 1 x5 | 
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Note, After Diviſion, if any thing remain it is 0 'Y 


the ſame Name with your Diviſor, as in the firk|, * 
Example following, at 3 grs. per Pound, ue 
divide by 16, the Quotient is 53 Shilling, 
and there remains 6, that is 64. 3 Farthing, 
or 42d. the like is to be obſerved of any other.. 


" vs 854 at 39. per lib. 


4 
Io 536. | 1 
„ . | IT 0 
Anſwer 2 13 44 1 10 24 


: 
— 


J 


Anſwerit 19 7 of 


„ —_— „ 


a 


— — 2 — 


4@:d5; |750at 3z Per C. 7 414 at 93d. per yd, FT 
E 


14 | 187 5 3 7x 


zz 31 3 : 9” 723 


8218 ES , - % 
EL +»: &  JiAufwelis 8 m4 1 
Answer l 10 18 | | 4 
When the given Price is 2 5. double the Figure in the 
Unites Place for Shillings, and the reſt are Pounds, 
Duet. 5. 680 at 1154. per Pound? 
Anſwer 31/. 17s. 64 


Queſt. 6. 70x at 134d. per Yard ? 
Anſwer 31/. 16s, 6d. 239. 
Queſt. 7. 207% at 19d. per Day? 
- Anſwer 167. 87. 139. 
Queſt. 8. 863 at 225d. per Gallon ? 
Anſwer 80/, 185. 15d. 
Dueft. 9. 845% at 25s. 33d. per Ell? 
Anſwer 95/. 19s. 11d. 32. | 


Dueſt. 10. 760 at 25. 54d. per Buſhel 


Anſwer 931. 10s. 2d. 049- 
Queſt. 11. 639 at 25. 104d. per Quart? 
Aniwer 92/. 10s. 53d. £ 

| Queſt. 12. 707% at 35. 24d. per Foot? 


nſwer 112/, 156. 14. 34. 


Hu 


901 at 52d. per or. 


0 
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4 ö ow to caſt up Expences, the Price of Goods, &c, by 
g divers eaſy Rules. 


1. By knowing your weekly Expence, to know what 
It comes to in the Year. A 


$ RULE. 
2. 1 ; 
De Farthings in each Week doth make appear, 
De Sbillings and the Pence ſpent in the Tear. 
| Pueft. 1. If you pay 12grs. or zd. to the Poor, por 
1 Week, what doth the als 5 in the Year 3 


* Anſwer 12s, and 12d. to 13s- 
4. By knowing your daily Expence, to know what it 
comes to in a Vear. 


RULE. 


So many Angels, Groats and Pence 


Number the Pennies of each Day's Expence, 5 
the U ſpend within the Tear's Circumference. 


Quel. 2. If a Labouring Man Earn gd. fer Day, 
what is that per Annum ? 


Solution. 


[ 
Pounds 9 
Angels . 4 

9 I Groats 0 o 
Pence 2 


Anſwer 13 139 


Neie, If the Daily Expence be Shillings and Pen 
reduce all into Pence, then Work as above. By 
3. 


| 
} 
| 
' 
' 
/ 
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3. By knowing your yearly Expence, to know w. | : 


it coſts per Day. 
RULE: 


The third Part of the Pounds you | yearly have, 
Yields Two Pence every Day to ſpend or ſave, 


Note, For every one that remains add Three FarthingÞ , 
but this Rule will give a little too much int? 
Anſwer, however it may be of Service to fry 


0 who do not underſtand Figures. 


EXAMPLE. 


Day ? 


RULE. 


Fir every Farthing that one Pound doth off, 
Reckon Two Shillings and a Groat. 


EXAMPLE. 


At 7 qrs. per Pound, what 112 li. 
Anfh 


wer 16. 44. 


If the yearly Rent of a Houſe be 67. what is that 2 

Anſwer 4d. by the Rule, but in Truth 'tis o 

34. 5755 REM | 4 
4. By knowing the Price of a Pound Weight of a 


Comodity in Farthings, to know the Price of the ga“ 
Hundred, or 112/46. 


Gt 3 


5. Another Rule by Half Pence, to know what 111 


Pounds comes to. 


RULE. 


As many Half Pence that each Pound doth coff, 
So many Crowns the Hundred, bating ſo many Groats. 
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. | 
EXAMPLE. 
H 31d. per Pound, what coſt 112 110. 
FA Solution. 
| i 32 == 7 Half-pence. 
hig“ | 5 
int! 1 
fk 35 . =1/, 15s, the Anſwer, 
Another Rule by Half-pence, 


E. 


. Half-penny a Pound that's fold or bought, 


Tield: four times Shillings, twice as many Groats. 
at p | 


KW EXAMPLE. 
F a At 814. per Pound, what coſt 11275. 


Ln Solution. 


814. = 17 Half-pence 17 

8-4 — 

5888 Shilling 34 Groats = 110. 44 
| Add 11: 44. 


—— 3 —j— 


20) 79 ( 37. 195. 4d. the Anſwer, 


: 7. By knowing the Price of 112 Pounds, in Pounds 
20nd Shillings to know what one Pound coſt. 


5 


img b | 
B RULE. 

N Take half the Number of Shillings that 112 46. coſt, 
and as often as F'is contained in that half, take ſo many 
chings from that half Sum, and what is left are Far- 
Hunz, the Price of one Pound. Er Arn 


fs 
E. 


x) 
T& 
L 

* 
Fo 
! 

N 
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EXAMPLE. or 
If 112/46, coſt 6), 17. what coſt 1 110. 


Solution, 
| 61. 15. 
| 20 3 
121 3 
2 * 
Rem. 9 z Farthings = 134 2 
This generally gives too much. : Thie 
ra 
ah : 


DEFINITION. 


ART ER among Merchants, is the Exchangi 
Wares for Wares, or one Comodity for 1 
informs them ſo to proportion their that neither 
may ſuſtain Loſs. 

| Dueft. 1. Two Merchants, A and B Barter, A hath Þ 
Nutmegs at 45. 6d. per Pound, and B hath 246 Pound Þ 
of Pepper, at 25. 44. Pound, I demand how 1 
Nutmegs A muſt give B for his Pepper ? 


Firſt find what the Pepper comes to thus, : 
1 | : 
If 1 : 28 :: 246 : 6888 


4. lb, 1 


. adly, If 54 : 1 :: 6888: 12742 = 
Anſwer 127446. of Nutmegs. ws 


0 
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weſt. 2. A hath 3 C. of Pepper, at 1314. per 
| I Vas B hath Ginger, at 1524. per Pound, I demand 
"How much Ginger mult be delivered for the Pepper? 


lib. d. &. . oo 
1M 28 ix 


4. lib. 4. 4. „ 


n $49 
Anſwer 347 lib. 


b Que. 3. A hath 14C. of Sugar at 64. per Pound, for 
hich B gives him 1C. 34. of Cinnamon, I demand how 
I rated the Cinnamon per Pound? 


—_ — 


3 q Gi 9. d. 3 þ of 
If 1 e 
Anſwer 4 Shillings. 


; Queſt. 4. A hath 4 Tuns of Brandy, worth 357. 16s, 
Er Tun, ready Money, but in Barter he hath 50/. 87. per 
Tun, and B gives A 21C. 29. 114416, of Ginger for hi 
bl andy, I defire to know how B ſold his Ginger in Barter, 
r Hu 


ither ndred, and how much it is worth in ready 
Money? | 
Wy 
> * 8 J. 5. 9. J. J. 
nuch t If 1 : 37 16 :: 4 : 151 4 


If 1 : 50 8 :: 4: 201 12 


C. 7 lib. | J. 5. 0: J. 4J. d. 7 
If 21 2 114: 201 12:19 6 7 3311 


A Lafily, To know how much it was worth in ready 
Ine. 


G 17 


62 Of ARITHMETIC. 


6008 RE 8 ne C. J. 84. d. . 
If 21 2 114: 1514 : 1: 6 19 11 344208 


It was worth vi i 


| 7. 
in Barter. 9 6 3357+ 
Anſwer Worch r eady 7 


Money. T 6 19 1137438 


Queſt. 5. A and B Barter, A hath 320 Dozen «an 
Candles, at 4s, 64. per Dozen, for which B gives hin 
ol. in Money, and the reft in Cotton, at 89. per Pound, 
I demand how much Cotton he mult /give him more that 
the 30/. 


SR I . Re RB 
If 1' : 54: : 320: 72 — 3O mz 42 


Now fay, . 


, g 9. 
„„ 32000 138 1 the Anſwer, 


Qveſt. 6. A and B Barter, A hath 608 Yards of Broad 
Cloth, worth 147. per Yard, for which B gives him 125% 
124. ready Money, and 85C. 29. 24/ib. of Bees War, 
I do demand how he reckon'd his Wax per Hundred ? 


. 1 . n e 1 
If 1: 14 :: 608: 425 12 — 125 12=300 


ETW EI HOT 59 Salle 
Then if 85 2 ie 


Que. 7. A hath Sugar at 84. per Pound, ready Mo. 
7 but in Barter he requires 104. per Pound, and B hath 
Thread at 25. 3d. r Pound ready Money, at What 

Price ought B to deliver his Thread at per Pound, to be 

equal in Barter with A? i 
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= d. 4. 4. 5. 4. 7 
945 £ e 9 3 the Anſwer. 


Que. 8. A hath Cheeſe at 255. per C. ready Money, 
put in Barter demands 3 25. B delivered in Barter Linnen 
Cloth, at 184. per Yard, what did the Cloth coſt in 


| ready Money ? x | 


en cf 
$ hin 
ound, 
that 


K- . 
If y2': 25 : 118: 1 2 07 


| Oueſt, 9. A hath 6 Tuns of Wine, at 407. per Tun, 
ready Money, and in Barter requires 44/. per Tun, beſides 
he requires + Part of his over Price in ready Money, B 
hach 50 C. of Tobacco, at 3/7. 1s, per C. ready Money, 
how ought he to ſell it in Barter ? 


5 Bak hb atone banks 4 £\ 


-- 


See the Wark. 

5 1. 4. d. 7. 4. d. J. 4. d. 

3 of 44 =14 13 4 From 40 o © o o 

Sub. 14 13 4 | 14 13 4 

8. Rem. 25 6 81 29 6 8 
yes 


* 17 FA 6 4 Fg 5 4. . . 7. 1 J. 2 
2 5 8: 29 : 3. 10:4 1 o 32355 
Anſwer 4 1 O 313% per Hurdred. 3887 


— 


XIII. Of Rebate, or Diſcount, 
Mo: DEFINITION. 


hat "A BATE, is the Difference betwen a certain 
Quantity of Money, due at. a certain Day, and the 

I prelent Value or Worth of it; or it is when one Man 
G 2 gives 
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gives another Man Credit for the Goods he ſells, bu 
the Debtor is willing to pay ready Money, win 135 
this Condition, that he may have lawful Tntereſt for tie Rel 
Money he pays, and for ſo long Time as he pay it beſon pre 
it becomes due, and this amongſt Tradeſmen is called Re- alſc 
bate, or Diſcount. | 7 


How to State the Queſfion. 


Fr, See what the Intereſt of 1007. comes to for the 
Time demanded. 3 

Secondly, Add that Intereſt to 100/. which mull al 
ways be the Firit Term in the Rule of Three, and 100). 
tue Second, and the Sum to be rebated the Third. 

Durſt. 1. A ſells to B a Watch for 20/, to be paid in 
6 Months, but B is willing upon an after-agreement to 
pay preſent Money, upon Rebate, after 5/. per Cent. pe- 
RO Simple Intereſt, 1 demand the Sum paid and 
rebated ? 


5 W N. * . 
iſt, If 13: 5 :: 6: 2 10 


J. 4. | J. ls & J. d. 9 n 
adly, If 102 10: 100 :: 20: 19 10 2 31132 


t 
| L „ . 
Sum agreed for STS 0: a 
The preſent Money 19 10 2 345 d 


Sum rebated o 9 9 o 


Mete, But if you would find the rebated Sum, (ay, 
As the Hundred Pounds with it's Interelt is to 
the Intereſt of 100 for the given Time, ſo is ths 
preſent'Sum to the Rebate. 


See the Work of the above Queſtion 


J. 5. 4 5. J. 4. d. 
„„ 
Aniwer 9s. gd. oe. as above, 


* R 


W 


„ 


„ 
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Que. 2. Delivered a Bond to a Creditor of 2641. 


S 135. 44. which will be due 8 Months hence, but upon- 
I Rebate at 5/. per Cent. per Annum, I am willing to make 


preſent Payment, how much is the preſent Payment, a 
alſo the Diſcount, 


. . . 
. 638 
d 


. J. J. J. 4. d. 9. 
adly, If 103 6 8 : 264 13 * 
| Preſent 3 256 8 322 8 
Anſwer 
Rebate 10 9 o 


Queſt. 3. What's the Diſcount of one Pound for one 1 


at 54. fer Cent. per Annum ? 
J. * | 9. 
Preſent Money o 19 o 2% 
From 3 8838 
— % o»Ü—·˙ m n --1 Frog 


2 this it appears that one Pound in a Year is decreaſed 

to 195, Od. 229. at 51. per Cent. 

Queſt: 4. What's the preſent Money, and Diſcount of 
58/. 169. 3d. for 172 Days, at 5/. per Cent. per Annum, 
Simple Intereſt ? 


„ „ SG 
Anſwers Preſ. Sum 57 9 2 03312272283 
CDi'count 1.7 © 334 61600 


At. 5. What's the preſent Money, and [ Diſcount of 


0 85. 44. for 239 Days, at 57. per Cent. per Annum 
imple Intereſt ? 


1 
Anſwer & Preſ. Money _ 19 10 2757172 
Rebate 2 8 5 141172 
, | | G 3 XIV. 
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XIV. Of Profit and Loſs. 
DEFINITION. 


HE Title itſelf is a ſufficient Explanation, for in 
Trade it is only to know what you gain or loſe, by 
Buying and Selling any Comodity. In which are for: 
Varieties. 
1. To know what is gain'd or loſt per Cent. 
2. To know what it ſhall be fold fe, to gain or loſe i 
much per Cert. 225 
3. Having gain'd or loſt ſo much per Cent. to know 
what it _ on 
4. Laſtly, There being ſo much gain'd per Cent. when 
ſold at ſuch a Price, to 9 What is Said of Cent when 
1 for more, or what is loft per Cent. when ſold for 
1 ; 
Queſt. 1. If 1/13. of Tobacco coſt 18d. and is ſold 
for 214. I demand what is gain'd per Cent, 


ow Rd CA Tip Py PETE + 
18-4: $331: 100 nes 


That is; by laying out of 100/, you will gain that 
Sum, viz. 16. 124. 4d. 

Jueſt. 2. If go Engliſh Ells of Cambrick coſt 607. for 
how much muſt one Yard be ſold to gain 187. per Cent. 
Firſt find what one Yard will come to at the given 


Price, 
If 90 E.: 608, : : 17 | | 


e +2. bo 2: ». 106. bd 
3 — 4 Tien 
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Then to - oo]. 
Add — 18 


If 100/. : 10s. 8d. 118: 125. 7d. 


” Oueſt. 3. If 276 Fother of Leads (each 194) be ſold 
for _ at 5 Months Credit, and I gain 1 L, r Cent. 
per Annum. The Queſtion is, how much the Whole coſt 
© ready Money ? 


by WE See the Work. 
four 
1 FFF 
—:. . 
ſe o — — 
111 
do | 
J. J. J. . * . . 
oy If 2x12 : 256 :: 100: 230 12 7 fr 


2ueſt. 4. If Cloth fold at 125. per Yard, be 10/. per 
Cent. Profit, what Gain er 'Lbſs per Cent. ſhould I have 
| had I ſold the ſame for 75. per Yard ? 


Operation. 


„„ 1. 7 2 
It 18 110 : 7 1 96 38 


hat 
100 o from 
= Anſwer loſt = - 3 15 per Cem. 


en 


A General Rule. 


Where there is Gain per Cent. add the Gain per Cent. to 
1007. but where there is Lois per Cent. ſubtract as much as 
you loſe per Cent. from 100/. the Sum or Difference is 
the third Number in the Rule of Three, 


cn 


XV, 
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XV. Of Exchange. 


DEFINITION. 


XCHANGE is to pay Money in one Country, 
and receive the like Sum or Value in another, with 
Conſideration of either Loſs or Gain. 


Note, The Par of Exchange is the fix'd and Standard 
Value of Foreign Coins, &c. expreſſed in Ster- 
ling Money of our own ; *tis ſo called, becauſe 
in Exchange one equal Value for another 15 

given. 


2 2 =» 


The Courſe of Exchange is the Current Price of Ex- 
change, always unſettled, being ſometimes above, and 1 
ſometimes below the Par, according to the various Cir- j; 
cumſtance and Accicents of Trade and Nations 

Before I give any Ex3mples it will be proper to give the 
Value of Gold and Silver Coin, both of our own and 
other Nations: And frit of our own as weigh'd in Air 
and Water. Troy Weizht. | 


Weigh'd in Water. 


Air. 
7. J. 
A Guinea — NT * 5 : | 
A ron — Ig 82 17 11x 
Half a Crown — g 16+ 177 
A Sling ——— 3 20 3 114 
Six Ponce 7 — 1 225 I 17455 
9 „ 4 
. One Pound of Gold is wort! 43 0 © 
Ore Uunce is worth — — " RN I 
A Penny eight is worth — 0 4 © 
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E 


— One Grain is worth — 

One Pound- weight of Silver — 
One Ounce is worth — 

One Penny- weight is worth 


One Grain is worth 


0 Oo Oo oO 


Scoteh Money. 


A Pound — ET, 
1 A Mark — 


A Noble — —— — 


| A Pound 
A Harper 
An Obb, or Cob _ — 


Note, 1001. in Gold, weighs 2 lib. 10 oz. Troy. 
| And 100/..of Silver weighs 26 lib. 4 . And 224. 
in Copper weighs one Pound Averdupoiſe, 


Dutch Money. 


A Dutch Stiver — * 
6 Stivers, or 1 Skilling Flemiſb — 
20 Stivers, 1 Gilder 
A Flemiſb Pound, — 335. 44. = 
A Zealand, or common Dollar — 
A Duccatoon, — 

Specie Dollar — — 
Old P hik 8 Dollar — — 
Ferdinando's Dollar : a. 
Prince of Orange's Dollar — 
Leopald' 8 Dollar — ä —F 
Rudulphu's Dollar —__ — 
Maxamilian's Dollar — 


| 
3 


0 
9 
45 


— 53 „ < * 
- f —_ SW — 
RS Ag 2 a. 


= ©000000000=0009 

mEap>Spp+ up wvmnowoncnd 0d 
s I 

nnen 


German 


— — 
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| German Money, 


A Rix Dollar of the Empire 3 
A Gilder of Noremberg 
A Mark Lubs 


French Money. 


A Denier — — 
A Soulz =2 I'2 Deniers — — 
A Liver = 20 Soulz — 
A Crown = 3 Livers —— — 


Spaniſh Coins. 


O 0 0 30 


13 Malvadies — — oO 
A Rial = ; — — 
8 Rials, Or 1 Piece of Eight — 
A Piece of Eiglit Mexico — 
A Piece of Eight Peru — — 
A Piece of Eight Seville oe —m———_—_—_—_——_ 
A Doubloon of Cafti/e —— — 
A Velentia Nucat — 
Sarazoza Ducat — — 
Barce/ona Ducat 5 — 
Bar celona Crown — — — 
Pattavoon — — — — 


O 
* 
So. 


9 0 
cn 
2 


oO Gus r 


0 220003030000 
S 


Portugal Coin. 


2 Rees — 
Vintine, — 6 
A Rial — — 88 — 
A Teſtoon — — 8 
An old Cruſado — — — 
A Mill Ree = 1000 Rees — 


Italian Coin. 


A Liver at Leghorn — — 

A Current Florence Crown — — 
ADucat de Banco Venice — — 
A St Mart — — —— 


000000 
un 0 0 0 


9 0 0 0 
tw» +> nr © 
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| e 
ö ulio, or Julier — cis oO 6 
1 122 | —— o 4 6 
3: f Livers = to 1 Ducat * N N 8 | 
1 KTThe Ducat of Rome — — — — 898 
ohe Crown at Rome 3 8 
erhe Crown of Placentia — — 98 7 
ET he Naples Ducat — 8 4 
ebe Crown Current —— 0-4-6 
derne Torri — _ 90 1 06 
6 A Bajocke — — O0 © OL 
6 } | Poland and Ruſſian Coin, 
| At Dantzick. 
0 50 Groſz = 1 Rix Dollar a 8 6 
6? Z A Gilder — — — — 0 8 6 
The Stiver or Dollar — — 0 2 3 
Silver Mark or Gilder — — 5 
& Wa Stoeden Coin. 
6 WW Silver Dollar — o 3 
F | ; Silver Mar k, or Gilder —— SY 6 
» i Arabian and Perſian Coin. 
0 3 The Able. men ne ner . 
A Mamada — 98 1 0 
At Bantam. 
1 1 
; 1000 Patecs of Copper. ——_ — 0-4: =. 
At Aleppo and Scanderoon. E! 
. 16 Shekees = 1 Piece of Eight — 8 3 
g 14 Shekees = 1 Lyon Dollar — 853 E: 
A Dina — — — — — 1 lo 0 5 
9 At Siam. | 
A Gold Coin worth — o 10 7 1 
B — os J 
A 1 


raiſed, and ſometimes depreſſed, 
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At Surr tt. Fd 2 

1. o r 

The Aſper — — o o n 

The Lar in — — — 0 4 © ccc 
The Sara phim — — — 046 
The Rupie — o 2 © 
The Fenon, or Fanam — — IN 3 
A Pagod — — —— 890 

A Saltanin . „% 

2ueſt. 1. A Merchant at Leg born delivered 500 Livres N en- 

to receive at London in Sterling Money, how much muſt Dan 

he receive? Doll. 

Liv. d. Liv, * 1 


F: 00 £20* ng 8. 
The Courſe of Exchange is publiſhed Weekly, which 
compared with the Par, will ſhew whether it is above or 


below at any time. In December 1735, the Courſe of Ex- 
change ſtood thus, | 


% 6 A 

Amſterdam — — — 35 10 

Ditto at Sight — — 3 6 

Retterdem 21 Uſancde-—— wi 3 

Antwerp — — — — 36 6 

Hambourgh 2% Uſance — 36 

Paris — — — 31% 

Bourdeaux Uſance com 305 

Cadiz — — 40 

Bilboa — — 40% 

Leghorn — ——  . — 5 oF 

Genoa — — 5 2 2 

Porto — 8 "DR 5 3Z 

Dublin — — .. — 125 

The Reader muſt here take Notice, that the Courſe of 
Ex is in a conſtant Flux, continue not at a ſett 
Standard as our Sterling Money but are ſometimes 


Dueft. 
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Queſt. 2. A Merchant in Landon delivers 481. Sterling, 

to receive the ſame at Paris in French Crowns, at 43. 
64. I demand how many French Crowns he ought to 
eceive ? 


; 4. d. Co Lo Crowns. 
: If 4 ᷣ 6: 1 481: 213744 


ö 

) 

) 4 

2%. 3. If 180d at London, be equal to 2 Ducats at 

es Nene, and 5 Ducats at Rome, equal to 1617 Dollars at 

t NDaerzick, how many Pence at London are equal to 10 
Dollars at Danzick ? | 


Crate it as has been taught in the Rule of Three, p. 36. 


Pence at London 180 = 2 Ducats at Name. 
Ducats at Rome «5 = 1635 Dollars at Danzick, 
London lo = 4. Dollars at Danzick. 


1 2” 


| 900)24 3000 (270 
Anſwer 270d. 


8 


XVI. Of Single Poſition. 


DEF 1-N-1-T-I ON. 


”"n 


HIS Rule of Falſe Poſition takes it's Name from 
working by any falie or feign'd Number we find 
ut a true Anſwer. And this is the Rule. 


As the Parts of the Poſition 

hi to the P fation itſelf, 
* i the given Number by gue/:, 
ett To the true Number ſought, 


H EXAMPLE. 


** 
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_EXAMP.LE. 


8 
: 
Quest. 1. A certain Perſon being demanded how old is Wt __ 
was, to avoid a direct Anſwer, ſaid, If the Half, i: We 
Third, the Fourth, and the Sixth Parts of his Age, «©: WE 
added together they would make Jjuit 524, now how., v1 WF 
was he? | 1 
Take any Poſition at Pleaſure, that will be divided into 
the Parts above-mentioned, as ſuppoſe 18. 4 
; . y 
A | 
Then 5 of 18 is = : pre 
0 4 * 3 
© 3 | thi 
221 the Sum. | 
. A | an 
Now fa, br 
AS 283-4 ; 18 :: $3;8- 5 42. | A 
PROOF I 
* W. 
4 2 
; —— 5 156, 17 
6 7 th 
Sum 52.5 | l 
Anſwer 42: ? | 5 
Que. 2. Three Men, A, B, and C, make a Purchale 
of 30000“. B is to ſhare double with A, and C to ſhare k, 
triple with B, now what are their reſpective Shares? th 
| 1 2 Cate ar 
Anſwer B 666 13 4 
C 2000 oo o li 
| d1 
Proof 3000 oo © D 
Pet. 3. One who had waſted 2 and + of his perſonal 
Eſlate had 36 Pounds remaining, now I would know what * 
Was his Eſtate? „ een 


Auſwer 270ʃ. 
TL XVII. 


- 


ale 
arc 


nal 
1at 


II. 


propounded. 
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XVII. Of Double Poſition. 
DEFINITION. 


HIS is when we have two falſe Poſitions given at 
Pleaſure, to find a true . Anſwer to a Queſtion 


When a Queſtion is propounded, make ſuch a Croſs as 
4 


chis, 4 


c 4 


and make choice of any Number, which call your 
| firſt Poſition, and place it at the Top of the Croſs, where 
| a ſtands: then work according to the Nature of the Quel- 
tion, and if the true Number come out, tis done, other- 
| =o what. it differs call the Firſt Error, which place at c. 


work with this as if it were the true Number, and if it 


e choice of another Poſition, which place with 4, 


differ from the Truth, ſet the Difference at d, and call it 


| the Second Error, which Errors mark with 4% N, and 
| Minus —, and thus the Poſitions will ſtand at the Top of 


the Croſs, and the Errors at the Bottom. £ 

Then multiply the Firſt Poſition by the Sccond Error, 
(that is, Croſs-wiſe) and the Second Poſition by the Firſt 
Error, and reſerve the Products. 

Then, if the Errors be both too much, cr both too 
little, the Difference of the Products is the Dividend, and 
the Difference of their Errors is a Diviſor, the Quotient 
ariſing from that Diviſion is the Anſwer ſought. 


But if the Errors be one too. much and the other too 


little, the Sum of the Products, is a Dividend, and the 
dum of the Errors is a Diviſor, the Quotient of this. 


Diviſion is the Anſwer, 
TL EXAMPLE. | 
Quel. 1. Three Perſons, A, B, and C, thus diſcourſed 


9:2ther concerning their. Age, duch A L am 18 Years 
| 2 of 


_—_———_—— ——— — 


— 
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of Age, quoth B I am as old as A and half as old as C 
and quoth C, 1 am as old as yon both if your Yea! an 
were adde] together, now I deſire to know the Age of 

each Perſon ? * 


Solution. 
Suppoſe the Age of C to be 40 
'Then B muſt be - - 20 
A's Age add to B „5 


For the Age of B 38 
Add - - - 18 


Sum - - 56 
Subtract - - 40 


Error + 16 


Add - - 18 


40 60 —— 
+ B - Sum 48 at 
+A+ 18 D 
16 6 — D 
60 40 66 N 
960 240 —ů—ů 
240 Error + 6 » 
1007 20ʃ72 
Anſwer 72 Years, the Age of C. 
36 is half of 72 Fe 
Add 18 A. 8 
9 f of 
Sum. 54 B. | ſn 


Queſt. 2. Two Men, viz. A and B diſcourſed thus 
together, A ſaid to B, I think you have this Year 20 
Geeſe, no ſaid B to him again, that I have not, but if I 
had as many as I have, and half ſo many, and two Geelc 


| 
1 fte 
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and à half, then I ſhould have 20, now I demand how 
0! ? ' many Geeſe he had ? 
Anſwer 7. | 


Dueſt. 3. A Man going to an Alehouſe, faid to the 
Hoſt, if you'll give me as much Money as I have in my 
Purſe I will ſpend my Sixpence, the Hoſt did ſo, and he 
ſpent his Sixpence ; he went to a Second Alehouſe, and 
ſaid, if you'll give me as much Money as L have in my 
Purſe, I will ſpend my Sixpence, the Hoſt did fo, and he 
ſpent his Sixpence ; he went to a Third Alehouſe and did 
likewiſe, and when he had ſpent his Sixpence he had no- 
thing left, now the Queſtion is, what the Tipler had in 
his Purſe at firſt ? 

* Anſwer 45d. | | 

Que. 4. There is a Ciſtern with Four Cocks, which 
E holds 8 Barrels of Water, the Firſt Cock will run it all 
cout in 6 Hours, the Second in 4 Hours, the Third in 3 
Hours, and the Fourth in 2 Hours, now I demand in 
| what Time they will all run it out, if they were all ſet 
a running at once? 

Anſwer in 48 Minutes, 

Queſt. 5. A Gentleman hired a Workman for 20 Days, 
at 18d. per Day for every Day he worked; but for every 
Day he played he was to bate 124. At the End of 20 
Days he received 8 Shillings, which was his full Due. 
Now I demand how many Days he wrought, and how 
m ny Days he played? | 

Anſwes- 11d. 2h, 48/ 

And play'd 8- 19 12/ 

Que. 6. A and g receive 100“. for the Ranſom of a 
Priſoner, . fall at Variance in parting the Money, and after 
| each had ſnatch'd what he could (upon Agreement) B 
give A + of what he had ſnatch'd fron him, and A gave 
B of what he had ſnatch'd from him, which done, each 
of them had 5301. now how mu: þ Money did each Man 


aich up ? 


os ter MR 2 2 n 
It q . pe $I EF : 
HS K * 


| && 
Anſver 4 A 37 10 
B 62 10 
Sum 100 Proof. x 
Nes. 7. A Thief breaking nto an Orchard, Stole 
tom thence a certain Number of Pears, and at his com- 


H 3 ing 


78 Of Compound Intereſt. 


ing forth he met with Three Men, one after another, why 
threatned to accuſe him of Theft; and for to appeaſ: 
them, he gave unto the Firſt Man, half the Pears that 
he had Stole, who return'd him back 12 of them; then 
he gave unto the Second half of them he had remaining, 
who return'd him back 7 of them; and unto the Third 
Perſon he gave half the Reſidue, who return'd him back 
4. and in the End he had till remaining 20 Pears, now 
the Queſtion is, how many Pears he had ſtole in all ? 

Anſwer 76. ; 

Pueft. 8. A Gentleman hired a Servant for a Year, 4. 
67. Sterling and a Livery Cloak, valued at a certain Rate, 
but when Fr of the Year was expired, they fell at variance, 
and the Gerttleman put away his Servant, gave him the 
Cloak together with the 50s. of the Money agreed for, 
which was the Servant's full Due for the Time of his 
Service, the. Queſtion is, to find what the Cloak was 
valued at ? 

Anſwer 21. 85. 

Queſt. 9. JF to my Age you add, | 

The Fur Fifths of Three Fourths, and Two Fifths more, 

Toe Number Sixty Fight will then be had, 

What was my Age in Years above a Score? 

Anſwer 34 = 14 above 20, 


© wits? 
EE aa ft 
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XVIII. Of Compound Intereſt. 


DEFINITION. 


S for Simple Intereſt, it is ſufficiently explained 

in the Golden Rule of Five Numbers, Compound 
Intereſt, is when a Sum of Money is put out to Intereſt, 
and the Intereſt thereof becoming due, is ſtill continued 
in the Hand of the Debtor, ſo as to become Part of the 
Principal, Intereſt being reckoned for it, from the Time 
it became due, for which Reaſon it is called Intereſt upon 
Intereſt. And as Simple Intereſt increaſeth by a Series of 
Arithmetica! Proportionals continued, ſo doth Compoore 


eaſe 
that 
then 
ing, 
hird 


Jack 


1000 


, at 
ate, 
Ace, 
the 
for, 
his 


Was 


Py 
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Intereſt increaſe by a Rank or Series of Geometrical 
* Proportionals. 


nd Note, That the Simple Intereſt of One Hundred 


Pounds being known, the Compound Intereſt of any other 
Sum for any Number of Years may be likewiſe found out 
by ſo many ſingle Rules of Three, as there are Years, 
Tor as 100/, is to it's Intereſt for one Year, ſo is any 
other Sum, to it's Intereſt for any other Time. 


And ſo is the Firſt Year's Intereſt to the Second, and 


3 the Second Year's Increaſe to the Third, &c. 


EXAMPLE. 


What doth 10/. amount unto at the End of 7 Year's 
Compound Intereſt at 5/. per Cent. Say, 


J. J. J. J. 
As 100: 109 :: 10 : 10.8 


Here I have given the Fourth Term in a Decimal 
mix'd Number, which is 10/7. 10s. which is the beſt 
Method of anſwering Queſtions in Compound Intereſt; for 
by what follows you may eaſily conceive, that it is only 
the Principal Sum, multiply'd into it's Increaſe for one 
Year, fo often as the Time requireth. As in the Example 
105, being what 1007. is increaſed to for one Year, is 
multiplied 7 Times into the Principal Sum, 101. &c. and 
the laſt Product is the Anſwer to the Queſtion. 


100/. is increaſed in one Year to - - 105 
It's Principal Sum - - - — - 10 
Firſt Year's Increaſe . - - 10.5 
Feat 105 
Second Year's Increaſe - „ „ 
| es 105 
55125 
11025 
Third Year's Increaſe - - 11.57625 
| 105 


5788125 


80 O Compound Intereſt. 
| $788125 
5 1157625 
Fourth Year's Increaſe 3 „ CR CODas 
1 127 
607753125 
121550625 
Fifth Year's Increaſe — — 12.7628 5625 
eee 
— 563814078125 
h 12702815625 
Sixth Yeai's Increaſe - 13.40095640625 


105 


6700478203125 
1340095640625 

Seventh Year's Increiſe — 14 0710042265025 

The Value of this Decimel cf a Pound Sterling, is 
15. 54. 0.1640575g. ſo that by letting out 10/ for 7 
Year, without taking up any Intereſt, it will grow in chat 
Time to 147. 15. 54. 0. 1640575 Parts of a Farthing 
Intereſt. 

But how expeditiouſly this may be done by Logarithms, 
will beſt appear by the following Work. For to the Loga- 
rithm” of the Increaſe of one Hundred Pounds for one Y ear, 
. 105, you add the Logarithm of the Principal Sum 10/, 
and from the Sum of thuſe two Logarithms Subtract the 
Logarithm of 100/. the Remainder is the Logarithm of 
the Firſt Year's Increaſe 10/. 10s. which Logarithm of 
one Year's Increaſe multiply by 7, the Number of 
Years, omitting the Index, gives the-Logarithm of the In- 
creaſe of 10/7, at the End of 7 Vears, Compound Intereſt. 


1 


See the Work. 


1o0/. in one Year is increaſed to 1051. 2.0211893 
Principal Sun . - 10. 1.0000000 
Sum of the Logarithme - 3. 0211893 
. 100/. - - - 22 © 2.0000000 
Firſt Year's increaſe = - 10.5, 1.0211893 
Namber of Years - — - . 
Anſwer — — 14.071.,.1.148325T 


You 


F 
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You ſee we have got the three firſt Decimal Places of a 


5 pound, which is near enough the Truth. 


3 
0 
3 
5 
3 

7 
1 
u 


1 
1 


EXAMPLE II. 
What will 47. amount unto in 10 Years, at 5%. 


per Cent. 


* 
2 
* 


8 
x 
H 
£ 


Operation by the Logarithms. 


_— 15 = 2.0211893 
of 100 == 2.0000000 


Remains Logarithm 0,0211893 
Years multiply = -<- -= 10 
0.211 8930 


Principal Sum 41. Logar. 6020600 


Anſwer 6.5 185785 Logar. . 8139530 
The Value of the Fraction is 10s. 3d. 295536 » So 
that we ſee 4/. being put out io Years at Compound Inte- 
reſt, it will be increaſed to 6/7, 10s, 3d. 2955367. 


— — — 


— — 


XIX. Of the Square Root. 
DEFINITION. 


HE Square of any Number is, when it is multi- 
plied into itſelf, as the Square of 4 is 16, the 
Square of 5 = 25, Cc. therefore having any Square Num- 
der given to it's Root, do thus, viz. begin at the 
Unites Place, and there make a Dot, and fo over every 
other Figure; now as many Dots as there are, ſo many 
Places or Figures you will have in the Roor. By pointing 
of it thus, the given Square is divided into Periods, then 
le what is the neareſt Leſs Square of the firſt Period to 
the Left Hand, and place it's Root in the Quotient, which 
Square of that Root place under the firſt Period, and ſub- 
nact, ſet the Remainder under the Line, and * 

a ring 
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bring down the next Period, then double the Root, and 
place it on the Left Hand a crooked Line for a Diviſor, 
See how often that Diviſor is contained in the Dividend 
laſt brought down and placed under the Line, always mah- 
ing allowance of one Place in the Dividend, becauſe the 
ſame Figure you place in the Root, the ſame muſt be placed 
in the Unites Place in the Diviſor. Repeat this Work a 
often as there are Periods or Pairs of Figures to bring 
down: And at laſt, if any Thing remain, add. two Cy- 
2 and for every two ſo added, you will have one 
:imaPplace in the Root. : 
The following Examples will make it plain to the 
diligent Reader. 3 
What's the Square Root of 2401 ? 


wo. 


r 


2401 (49 Root. 
ads. 


801 
Rem. 2 


PROOF. No 
To prove the Work, multiply the Root in itſelf, and 


to the Product add the Remainder, if any, this lait Sum 
will be equal to the given Square. ho 


Mare Examples for Prattice. 
459584 (578 Root. 8 
3 d 
127) 999 4 
389 — 
1348) 10784 | 7 
| 2 

þ 


10784 
Rem. © 


814602573 22 


73 
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814602573 (285 41.24 Root. A mixt Number, 
4 
48044 
3 
665) 300 
N 2825 
704) 23525 
| , 22816 _ 
57081) 70973 
_$7081, 
570822) 1389200 Rem. 
1141644 
5708244) 24755600 , 
22836976 
Rem. 1918624 


; 
Niue, The Square Root is of excellent Uſe in ſolving 


Arithmetical and Geometrical Queſtions, which 
I ſhall exhibit as follows. 


1. To find a mean Proportional between any, two 
Numbers, 


R UL. E. 


Multiply the two given Numbers together, and extra ct 
the Square Root of the Product, gives the Anſwer. 


EXAMPLE. 


2ueft, 1. What's the Geometrical Mean, between 4 
and 6 ? 


Anſwer 4.89. 


Nc. 2. What's the Geometrical Mean between 20 
ad 30 | 

Anſwer 24.49. 
2. To find the Diameter of a Circle that ſhall be equal 
n Area to an Ellipſis whoſe Tranſverſe and Conjugate Dia- 


neter are given. * | 


p . _—_ _ p 2 = — 
— e 7 Oe nee T2 —ͤ³AP Kw A ] — — — 
4 = 
FEY 
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RULE. 


Multiply the Two Diameters of the Ellipſis together, 
and extract the Square Root of the Product will give the 
Diameter of a Circle equal. 


EXAMPLE. 


" Dueſt. 3. Let the Tranſverſe Diameter be 36, and the 
Conjugate 23.5 Inches, what is the Diameter of a 
Circle equal ? | | 

Anſwer 29.08 Inches. | 

3. Any two Sides of a right lin'd plain Triangle being 
known, the Third is eaſily found. | 

For in the 47th Propoſition of the Firſt Book of Eaclid's 
Elements it is Demonſtrated,that the Square of the Hypo- 
thenuſe, is equal to the Square of the other Two Sides. 


EXAMPLE. 


Admit three Towns, as London, Landaff, and Bojton ; 
Boſton lieth from London directly North 89 Miles, and 
Landaff lieth directly Weſt from Londen 131 Miles, now 
I would know how far Landaff is from Beſton? 

Anſwer 158.37 Miles. 

4. Admit two Ships ſet Sail from one Port, the one 
fails directly North 89 Miles, and the other directly Welt, 
and at the End of their failing they were diſtant 15g.37 
Miles, I demand how far the Second Ship failed ? 

Anſwer 131 Miles. | 

5. Two Men Travel from the ſame Place, A Travels 
Welt 131 Miles, B goes directly North 'till he be diſtant 
from A 158.37 Miles, I demand how far B travell'd ? 

Anſwer 89 Miles, | | 
. 6. The Area of a plain Superficies given, to find the 
Side of the Square that ſhall be equal thereto ? 


RULE. 


The Square Root of the Arca is the Anſwer, 
. | EXAMPLE. 


and. 


le 
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EXAMPLE. 


Let the Area of a plain Superficies be 576 Inches, what's 
© the Side of the Square that bounds it ? 
Anſwer 24 Inches 

In like Manner, if you extract the Square Root of the 
Content or Area of a Circle, Pentagon, Hexagon, Ce. 
0 whether the Figure be regular or irregular, it will give 
the Side of a Square equal to that Superficies. 

| Given, the Side of a Square, to make other Squares, 


Two, Three, Four Times, more or leſs, greater or leſſer, 
for that Square propoſed. 


RULE. 


| Square the Side of the given Square, and it gives the 

| Arca thereof, which multiply b 2, 3, 4, Cc. the Square 

| of the Product will give the Side of whoſe Area ſhall be 2, 
3, 4, Ofc. times greater than the given Square, 


EXAMPLE, 


Let the Side of a Square be 12 Inches, and let it be 
required to make three other Squares, to contain Double, 
Triple, and Quadruple the given Square ? 

Given Square's Area is 144 144 144 

Multiply T <3 ad; 

| 288(10.97 432(20.78 570 

16.97 Double. Lhe 

Anſwer Side Square & 20.78 Triple. & in Area. 
24. Quadruple. 

The like is to be obſerved of Circles. 

8. In a plain right lined Oblique Angled Triangle having 
the Sides given ſeverally, to find where the Perpendicular, 
let fall from the obtuſe Angle, will fall upon the Baſe. 

The Height of a Mountain being known, to find 
how far it ſhall be ſeen at Sea, or on plain Ground. 

10. Given the Semidiameter of the Earth 3984.58 
oy, with the Diſtance of a Mountain ſeen at Sea, to 

ind the Height of that Mountain, this is the Converie 
of the 9. 


I bo "be" 
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RULE. 
Multiply the Two Diameters of the Ellipſis together, 


and extract the Square Root of the Product will give che 7 
Diameter of a Circle equal. el 
EXAMPLE. * 
the 
" Oueſt. 3. Let the Tranſverſe Diameter be 36, and the 7 
Conjugate 23.5 Inches, what is the Diameter of a Twi 
Circle equal ? thar 
Anſwer 29.08 Inches. | 
3. Any two Sides of a right lin'd plain Triangle being 
known, the Third is eaſily found. | 
For in the 47th Propoſition of the Firſt Book of Faclids 80 
Elements it is Demonſtrated, that the Square of the Hypo- Are: 
thenuſe, is equal to the Square of the other Two Sides. N ; 
| 14 
EXAMPLE. 
Admit three Towns, as London, Landaff, and Boſton ; 
Boften lieth from London directly North 89 Miles, and . 
Landaff lieth directly Weſt from Londen 131 Miles, now —3 
I would know how far Landaff is from Boſton ? Tri 
Anſwer 158.37 Miles. biv 
4. Admit two Ships ſet Sail from one Port, the one \ 
fails directly North 89 Miles, and the other directly Welt, 
and at the End of their failing they were diſtant 15g. 37 
Miles, I demand how far the Second Ship failed ? A 
Anſwer 131 Miles, | 
5. Two Men Travel frem the ſame Place, A Travels pl 
Weſt 131 Miles, B goes directly North 'till he be diſtant 8 
from A 158.37 Miles, I demand how far B travell'd? the 
Anſwer 89 Miles, | kt f 
. 6. The Area of a plain Superficies given, to find the 9 
Side of the Square that ſhall be equal thereto? 7 
6 
RULE. i 
| | ind 
The Square Root of the Area is the Anſwer, t 


EXAMPLE. 


—ͤ—ũ—̈ —— Ʒ—ꝙ[—yj— 
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EXAMPLE. 


Let the Area of a plain Superficies be 576 Inches, what's 
the Side of the Square that bounds it? 
| Anſwer 24 Inches. | | 
In like Manner, if you extract the Square Root of the 
Content or Area of a Circle, Pentagon, Hexagon, Oc, 
whether the Figure be regular or irregular, it will give 
| the Side of a Square equal to that Superficies. | 
Given, the Side of a Square, to make other Squares, 
Two, Three, Four Times, more or leſs, greater or leſſer, 


than that Square propoſed. 

; RULE. 

| Square the Side of the given Square, and it gives the 

5 Area thereof, which multiply by 2, 3, 4, ec. the Square 
of the Product will give the Side of whoſe Area ſhall be 2, 
3, 4, Cc. times greater than the given Square. ROWE 

EXAMPLE. 
; Let the Side of a Square be 12 Inches, and let it be 


required to make three other Squares, to contain Double, 


N Triple, and Quadruple the given Square ? 
Given Square's Area is 144 „1 
. Multiply „ 1 10 | and 4 
. | 288(10.97 432(20.78 570(24 


16.97 Double. | 
Anſwer Side Square & 20.78 Triple. & in Area. 
24. Quadruple. ) ) 
The like is to be obſerved of Circles. : 
8. In a plain right᷑ lined Oblique Angled Triangle having 
the Sides given ſeverally, to find where the Perpendicular, 
kt fall from the obtuſe Angle, will fall upon the Baſe. 
9. 'Fhe Height of a Mountain being known, to find 
bow far it ſhall be ſeen at Sea, or on plain Ground. 
lo, Given the Semidiameter of the Earth 3984.58 
Miles, with the Diſtance of a Mountain ſeen at Sea, ta 
ind the Height of that Mountain, this is the Converſe 
if the th. | 


E 


1 | 11 
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11. The Diameter of a Pipe of a Cock given, to find 


the Diameter of another Pipe that ſhall fill the fame in 
half the Time, more or leſs. | 


EXAMPLE. | 
There is a Pipe whoſe Diameter is 11 Inch, will fill 2 
Ciftern in 2 Hours, I demand the Diameter of another 
Pipe that will fill it in 1 Hour? 
Anſwer 2.12 Inches. 
12. The Circumference of a Cable being 71 Inches, 
and that one Fathom thereof doth weigh 164 Pounds, I de- 


mand how many Pound that Rope doth weigh whole 
Circumference is 114 Inches ? 


Operation. 


quare und ſquare pounds. 
cn ' 18.55 : 138.0625 : 42.6828 

Anſwer 42 /ib. 10 . 14.7968. ir. 

13. If the Length of a Cask be 40 Inches, Bung 28, 
«nd Head 24, what's the Diagonal Line? 

Anfyer 32.8 Inches. 

14. In a right lin'd Triangle, let one Side be 40 Inches, 
the next 26, and the leaſt 22, what's the Arca? 

Anſwer 264 Inches. 

15. A cw of Men drinking till the Reckoning 
came to 6s, od. I demand how many Perſons there were 
in Company, and what they paid a piece ? 

Anſwer 17 Perſons paid 444. a piece. 

16, A Company of Men Prinking, 'till the Reckoning 
came to 43Os. 14. I demand how many there were in 
Company, and What they paid a piere ? 

Anſwer 19 Men, paid 19d. a p:ece. 

17. A Company of Men drinking till the Reckoning 
came to 193. 544. 1 demand how many there were in 
Company, and what they paid a piece! 

Anſwer 29 Men paid 73d. a pic ce. 

18. A Company of Men Drinking, 'till the Reckoning 
came to 6“. 16s, 85d. I demand how many there were 
in Company, and what they paid a piece ? 

Anſwer 81 Men, paid 15s. 8 fd. a piece. 

109. In an Army of 75625 Soldiers, how to place them 


in {quare Battalia ? 
| | 75625 


+ 


| of 


4 


The Uſe of the Square Root. 87 


ind 3 
in - 75625 (275 Men in Rank and File, - 
— 4 — 
47) 356 
| a ER: |_- — 
By 545) 2725 
2725 
Rom... 


les, 20. To ws any Number of Men, { that the Number 
de- of Men in Rank may be double to thoſe in File. 


Suppoſe 35912 Men 
Half 17956 (134 File 
* . o 2 
1 268 Rank. 
5, 23) 79 

264)1056 
wy 1056 
© 


ng For Proof, 268 x 134 == 35912. 


; 21. Suppoſe 25000 Soldiers were to be martialed in a 
. ſquare Battalia of Ground, in ſuch Sort that their diſtance 
'S in File ſhould be 8 Feet, and the Rank 3 Feet, how many 
Men in Rank, and how many in File ? 


» As 8: 3 : 25000 : 9375 (96 File) 25000 (260 
95 File beſides 40 Men over and 
ne Anſwer 3 260 Ranky above. | 
the 22. If 47748 be the Number of Men to be martial'd 8 
in Battel Array in ſuch Sort the Number of Men in File io 4 
thoſe in Rank, ſhould be as 8 to 20 | 47 
* Anſwer 345 Rank, 135 Vile, bclides 138 over. 0 | 
$1 
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XX. Of the Cube Root. 
DEFINITION. 


Cube is a Geometrical Figure ; and as a Square has 

only Length and Breath, ſo a Cube has Length, 
Breadth and Depth: And in order to a right Underſtand- 
ing of this Work, it will be neceſſary for the Learner to 
ger by Heart this Table of the Squares and Cubes of the 
Nine Digits, | 


Cubes. | 1|8 | 27 | 64 N25[216[34615121729 
Squares. | 1149 | 16125 361496481 
Roots. |11z|3]14]|5s|6]7|1819. 


1, Point out the given Cube Number, beginning with 
the Unites Place, and fo over every third Figure towards 
the Leit Hand; and as many Points or Periods as there 

are, ſo many Figures there will be in the Root. 

| 2. Find the neareſt leſſer Cube in the firſt Period to- 
wards the Left Hand, which found, place in the Root on 
the Right Hand the crooked Line, cube this Figure (placed 
in the Root) and ſet it under the firſt Period, draw a 
Line and ſubtract, place the Remainder under the Line, 
to which bring. down the next Period, and call this the 
Keſolvend. ; 

3. To finda Diviſor, Triple the Root, and ſet it under 
the Line drawn under the Reſolvend; then ſquare the 
Root, and . the Square, ſet this Product down as in 


common Multiplication, viz, Unites under the Place of 


Jens, draw a Line and add theſe two Numbers together 
for the Diviſor. | | 

4. To find how often the Diviſor is contained in the 
| Refolvend, you muſt ſet afide the Figure in the Unites 


Place of the Reſolvend, that as often as you can'have the 
a Diviſor 


2 


2825 — 


gg. Senne 


g 
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Diviſor in that Part of the Reſolvend, ſet it iq the Root, 
and obſerve theſe Steps. 

1. Cube the Figure placed laſt in the Root. 

2. Square the ſame, and. multiply that Square by the 
Triple Root, (which Triple Root was found when you 
found the Diviſor) placing Unites under Tens as in common 


Multiplication. 


3. Laſtly, Multiply the Figure laſt placed in the Root, 
by. the Triple Square of the laſt Root; placing Unites 
under Tens as before ; draw a Line under them and add 
theſe three laſt Lines of Figure into one Sum, and ſubtract 
it from the Reſolvend ; to the Remainder bring down the 
next Period of three Figures, or Cube, to which find a 
Diviſor, and proceed in all the Steps as above directed, 
until all the Cubes are brought down and wrought, if any 
thing remain at laſt, add three Cyphers, and you will have 
a Decimal in the Root. The following Examples (being 
well minded) will make all plain. 8 


EXAMPLE I. 
Let the Cube Root of 1728 be required ? 


1728 (12 Root. 
I of 1 
728 Reſolvend. 
3 Triple Root t. 
3 Triple q of Root 1. 
33 Diviſor. 
9 Cube of Root 2: 
12 Square of 2 by Triple 1. 
6 Triple Q of Root 1. 
Sum 728 Subtract from a Reſolvend. 
Rem. © . 


T3 EXAMͤTLE. 


q 
4 
1 
| 
| 
ai 


_ — - — * 
EI" > 2 4 46 


1 


PI” 
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EXAMPLE N. 


45499293 (357 
27 Cube of 3. 
1849 Reſolvend. 


9 Triple of the Root 3. | 
27 Triple U Root 3. of 
279 Diviſor. | ſhe 
125 Cube of the Root 5. ell 
225 U] of the Root 5, by Triple Root 3. 
135 Root 5, by Triple [] Root 3. 
Sum 15875 Sub, 
2624293 Reſolvend. 
105 Triple Root 35. 
23675 Triple U Root 35. 
3685 5 Diviſor. 
343 Cube of 5. 
5145 (© Root 7, by Friple Root 35. 
25725 Triple Root 35, by Root 7, viz. 3675 
26024299 Subt, from Reſolvend. 
Rem. © 
In the like Manner the Cube Root of 9876543210 


will be found to be 2145. and of 1603393328631 365.740 0 
do be 1170431 fere. a 


The Uje of Cube Root. | 


| Note, All Solids are Proportional, one to another, as the 
Cube of their Diameters. _ 


Given, the Side of a Cube, to. make another Cube, 2, 
3 or 4 times greater or leſſer. 


RULE. 


1. To make it greater than the given Cube, maltipy 
the Cube of the Side by the Quantity you intend it to be, 
and the Cube Root of the Product is the Side of the Cube 


required. 


2. To 


Wa 


of the Quotient 15 the Side 


- 


| —<5. wall tne given Cube, divide the 
Cube of the Side by any ho gry _ — Cube Roo 
of the Cube ſought. | 


EXAMPLE. 


Admit the Side of the Cube be 12 Inches, the Solidity . 


of which is 1728, I would have three other Cubes that 
ſhall contain 2, 3, and 6 times greater and leſſer than the 
given Cube? 


Operation. 
Side 12 Inches. 1728 1728 
12 3 6 5 
144 | 5184(17-3 10368(21.8 
12 4 
1728 Ti 
2 


3455601 5. 1 Cube Root. 
' Anſwer the Sides 15.1 5 
of the greater Cubes 1 7.3 & Inches. 
are 21.8 5 


3. Alſo the Sides of a Cube lefler by 2, 3, and 6 
times than the given one. 
9-5 
The Sides will be < 8.3 > Inches, 
6.6 


4. To three Numbers given, to find a Fourth in a 


Duplicate Proportion. 
DEFINITION. 


The Nature of this Propoſition, is to diſcover the Pro- 


I of Lines to Superficies, and Superficies to Lines, 


r like Planes are in a duplicate Ratio; that is as the 
Quadrat of their Homologal Sides, | RULE: 


g l r — 
93 — n 
* 20 4 Co 4 F » 
44 — 4 jy "ye _ = 


52 — n 


1 . 
$, * 
4 
, 4 4 
9 
0 
9 
9 


*u 
FR 
— 
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Multiply the Square of the Third Term by the Second 
Term, and divide the Product by the Square of the Fir 
Term, the Quotient is the Anſwer. 


EXAMPLE. 


PE 
4 
» 
* 
2 
*% 

4 * 

1 
* 
22 
. 

0 
# 
I 
i 
hs. 
* 
25 
wo 
. 
I 
. 
* N. 
by” 


Suppoſe 3, 4, and 5 be given, to find a Fourth in : 
Duplicate Ratio ? : f 


8 


1 
3 5 
9 25 

4 


| 9) 1000114 | 
2 — Numbers given, to find a Fourth in a Tri- 
plicate Proportion. 


DEFINITION. 


The Nature of this Propoſition is to diſcover the Pro- 
ec of Lines to Solids, and Solids to Lines: For like U 
lids are in a Triplicate Ratio, that is, to the Cubes of in 


their Homologal Sides. 
bo „ = 
RULE. 7 
Multiply the Cube of the Third Term by the Second : 
Term, divide the Product by the Cube of the Firſt x 


Term, the Quotient is the Anſwer ; or which is all one, 
As the Cube of the Diameter of the given Bullet or 
ö is to it's Weight or Solidity, ſo is che Cube of the 

iameter of another Bullet, c. to the Weight or Soli- 

Cup thereof. 

XAMPLE _ 

b 1. — B jt, whoſe Diameter is 64 e 

weigh 94 Pounds, what ſhall an Iron Bullet wgigh, whole 
Diner ls f bes SG ap eit 


Ses 


nd 
iſ 


le 
of 
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See the Work Decimally ferformea 


6.25 15.5 
6.25 15.5 
3125 775 
1250 775 
1 1 
39.0625 240.25 | 
6.25 — 15.5 
1953125 120125 
781250 120123 
7343750 3 
As 244140625 9.75 '/ 3723.875 | 
| — 9-75 
186193 75 
2606712 5 
33514875 __ 


244.1406250 36307-78125 (148.71 


Anſwer 148/i6 11 22. :: 5.76 ar, 
6 Admit the ſolid Content of a Globe be 428307 596 
Inches, what is the Side of a Cube which ſhall be equal 


in Content? . 

Anſwer the Cube Root of the Globe 973.7 Inches is 
= to the Content. 5 ; | 

7. Admit one of the Sides of a Cube, or the Diameter 
of a Globe to be 84 Inches, and the Side of another 
Cube, or Diameter of another Globe be 114 Inches, 
I demand the Side of another Cube, Cc. that ſhall be 
equal in Content to them both ? ; 


RULE. 


The Cube Root of the Sum of the Two Cubes is the 
vide of another Cube equal to them both, which in 
this. Example will be found to be 12.79 Inches. 

8. Given the Diameter of the Concaves of two Guns, 
and the Quantity of Powder that will Charge one of them 
to 


94 The Uſe of the Cube Rosi. 
to find the Quantity of Powder that will ſuffice to Charge 
the other. | | 


RULE. 


As the Cube of the Diameter of the Gun given, is to 
the Quantity of Powder that will Load the fame, ſo i; 
the Cube of any other Gun's Diameter, to the Quantity 
of Powder that will Load the ſame, 


EXAMPLE. 


Admit a Cannon Royal whoſe Diameter at the Bore i; 
8 22 * _ _ 4 Powder to Charge it, 
what Quantit of Powder will charge a Piece whoſe 
Diameter is 14 Inch? * 88 

Cube of 8 = 512, and Cube 1.5 3.375 

Cube. lib. Cube. . „. . 

As 512: 26: : 3.375 : 1712 2 11.776 

9. Given, the © 9AM of a Granado Shell to find 
the Weight of the Metal, and the Content of the Con- 
cavity of the Shell in Cubic Inches, 


RULE, 


Fir/t, Find the whole ſolid Content of the Shell, 2 
if it was really fo, which is done by multiplying the Cube 
of the Shell's Diameter by 11, and dividing the Product 
by 21, the Quotient is the ſolid Content in Cubic Inches 

of the Whole Shell; and alſo find the ſolid Content of the 
Concayity, which ſubtrafted from the whole Content, 
gives the Content of the Metal, which divide by 4.422979 
the Weight of a Cubic Inch of Common Iron Averdupoi/e, 
| — — are the Qunces, which divide by 16 gives 

ounds. ; 


EXAMPLE. 


Admit a Granado Shell, whoſe Diameter from outſide 
to outſide is 12 Inches, and the Diameter within 7: 
Inches, ſo the thickneſs of the Metal is 2,25 Inches, ; 

| deman 
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demand the Content of the Metal in ſolid Inches, and 
ao it's Weight in Pound Averdupoiſe. 


| Operation. 
Cube of 12 = 1928, Cube of 7.5 = 421.875 
ay NA oo. 1 3 11 
21) 19008 (220. 982 Subt. 21)4640.625 


4.422979)684.161 ob 54.683 
16) 154.683 (9.667 
684.161 Solid Inches. | 
Anſwer $ 154.683 Ounces, 


.667 Pounds Weight. 
10. Given the Mould and Burthen of one Ship, to 


| build another of the ſame Mould of any aſſign'd Burthen 
greater or leſſer. | | 


RULE. 


Fir, The Dimenſions taken in a Ship are, the Length 
of the Keel, the Breadth on the Midſhip Beam, and the 
Depth in the Hold: Therefore if the Cubes of theſe 


ſeveral Dimenſions be multiply'd by 2, 3, 4, Sc. the 


Cube Roots of theſe ſeveral Products will be the Dimen- 
hons of another Ship, whoſe Burthen will be 2, 3, 4, Cc. 
times greater than the Ship given. | | 


EXAMPLE. 


Admit a Merchants Ship, whoſe Burthen is 72 Tuns, 
the Length of the Keel be 45 Feet, the Breadth on the 
Midſhip Beam 17 Feet, and the Depth in the Hold 9 
Feet, and it is required to build another Ship whoſe Bur- 
then ſhall be five Times greater than the other Ship, 1 


demand what moſt be the Dimenſions of the Ship re- 


quired ? | 
Keel 76.9 
Anſwer{Breadth 29.0 Peet. 
Depth 15.3 
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— 


XXI. To Extract the Square Root of a 
Fraction, either Vulgar or Decimal. 


1. LIRS T, If the Fraction propounded be not in 
it's leaſt Terms, reduce it into it's leaſt, and then 


by the Rules foregoing, Extract the Square Root of the 


Numerator, and alſo of the Denominator, ſo ſhall this 
new Fraction be the Square Root of the Fraction pro. 
pounded, fo the Square Root of 44 is = f. 


N:te, But many times the Numerator and Denominator 
of a Vulgar Fraction hath not a perfect Square 
Root, to find which infinitely near, reduce it 


to a Decimal, by adding Cyphers to the Nu- 


merator, and dividing by the Denominator, and 
always be ſure to let the Decimal have an even 
Number of Places, as 2, 4, 6, Sc. and then 
extract it's Square Root as if it were a whole 
Number. | 


EXAMPLE. © 


Let 4+ be given, it is reduced to this Decimal .56 and 
by adding five Pair of Cyphers to it, 1 find it's Square 
to be .748331. 

2. If your Vulgar Fraftion be a mixt Number, re- 
duce it into an improper Fraction, then work as before. 
But if the Fractional Part be not an exact Square Number, 
it is beſt to reduce it into a Decimal mixt Number. 


A, for Example. 
If the Square Root of 64 be required, it will be 7 and 


it's Root 24, which is not exact; therefore it will be 
this Decimal, 6.75, and it's Root 2.598, ncarer the 4 
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XXII. The Extra#ion of the Cube Rout of a 
 Fulgar Fradtun. | | 


XTRACT the Cabe Root of the Numerator for 
a new Numerator, and the Cube Root of the Deno- 
minator for a new Denominator, and this new Fraction 
ſhall be the Cube Root of the given Fraction. So 77; 
being given, it's Root will be found 4. 
It you want the Cube Root of a mixt Number, it is 
beſt to reduce it to a Decimal. As ſuppoſe 8+ = Decimal 
$.8 it's Cube Root is 2.08. | TS 


— 
— 


XXIII. The Extradtion of Roots by Lo- 


C11 ² .: __, 
. 
* 


f garithms. 

R 1. O Extract the Square Root by Logarithms, is 
f no more than to take the Logarithm of the given 
I Number, and the Half thereof ſhall be the Logarithm 
4 of the Square Root ſought, 2 

5 EXAMPLE. 

n Suppoſe 576 were a Square to be extracted, it's Lo- 
e garithm is 2.7 604225, the Half of which is 1.380212 


the Logarithm of 24, the Square Root ſought. 


The. Extraction of the Cube Root, by the Logarithms. 
| RULE. | ; 
Seek the Logarithm of the given Cube, and divide it 
d by z, and the Quotient is the Logarithm of the Cube 


re Root ſought. 
"> EXAMPLE _ & 
e- Admit it were required to extract the Cube Root of 
e. 421875, it's Logarithm s 5. 625 1839, one third of which 
I, 5 1. 87 5061 3 the Logarithm of 75, the Cube Root ſought. 
And after this Manner it is eaſy to extract the Biqua- 
drate Root, the Surſolid, the Squared CubtKthe Seventh, 
Eighth, or any other Power by the Logarithms, as I will 
ew by Example by and by. + _— 
That the Extracting all Sorts of Roots is ſometimes. 
neceſſary, and that no Method is ſo eaſy. as that by Lo- 
Nrithms, are Truths 1 poſſibility of denial. * 


os The Exirattion of Roots by Logarithms. 
The only Thing that allays their Excellency, is that 
the largeſt Canons (as thoſe of Sherwin's) are ſo ſcanty, 
that without ſome other farther Invention, it will not 
furniſh us with the Logarithm of the Cube of 343 = 
42353607, but by the following Method the Root of 
any Power may be extracted infinitely near. 
| „ ne RULE, 
Seek the Logarithm of 7 or 8 Places to the Left 
Hand of the Number given, and prefix to that Log:- 
rithm- it's proper Index or Charactetiſtie, anſwerable to the 
Number of Places in the whole given Number, that is, 1 
by one, than the Number of Places of the abſolute Num- 
ber, and divide it by the Index or Exponent of the 
Power whoſe Root you ſeek, the Quotjent is the Lo- 
garithm of the Root ſought. That is, if you ſeek the 
Square Root, divide by 2; if the Cube Root, by 3; if the 
Biquadrate Root, divide by 4, Cc. I ſhall here begin with 
the Root 2, and proceed to the Ninth Power, prefixing 
their Logarithms, by which the Learner may ſee by un- 
derſtanding this eaſy Proceſs, how to extract a greater 
Root, with as much facility as he can wiſh. ON 
Given the Root 2 3 | 
Multiply by 71 Loger. 0.3010300 


2d Square o. 6920600 
31353 © 9030900 
4. Biquadrate 1 1.2041200 
5. Surſolid 1. 505 i goo 
6. Square cubed 1.8061800 
th Power 21073100 
8th Power 2.4082400 
<. gh Power | HE - 32-7cgz700 
And fo on ad inſinitum. PE 


Here 


ere 
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Here you fee if the Logarithm of 2 = 0.3010300 be 
multiply'd by the gth Power, it will produce the Loga- 
rithm of 512 = 2.7092700, conſequently if we divide 
the Logarithm of 512 by it's Exponent or gth Power, 
we ſhall gain the Logarithm of it's Root 2. 


EXAMPLE I. 


Mr Ward has extracted the Biquadrate Root of 
4857532416, and finds it to be 264, Jet us ſee how this 
agrees with our Method ? | 

Hence, becauſe the abſolute Number has ten Places, 
the CharaReriſtic of it's Logarithm muſt be 9. Then 
in Sherwin's Logarithm, I find the Logarithm of the five 
leading Figures next to the Left Hand, viz. 48575 to be 
46864128 with the Difference 89.4, which multiplied 
by the remaining Figures of the abſolute Number, viz, 
32416, the Product 28.979404, then, becauſe of the 
great Fraction I call 28, 29, and add it to the Logarithm 
of 48575 = 4.6864128 makes 6844157 to which pre- 
fix it's proper Characteriſtic 9; J tind the Logarithm of 
43857532416 to be 9 6864157. which divided by it's 
Exponent, or Power 4, gives 2.4216039 the Logarichm 
of 264, the Root ſought. 

After this Manner let us extract the Root of the gth 
Power of this Number 4722366482869645213696 ? 
Here being twenty two Places, the Characteriſtie muſt 
be 21, and the Logarithm of it is 21.6741597, which 
divided by the Power, or Exponent , gives the Loga- 
oo 2.4082399, Whoſe abſolute Root is 256, the Root 

ugnt 


Bat if you would have the Square Root of this vaſt 


Number of 22 Places, you cannot go to it immediately, 
for the Logarithm 21.6741597 being halfed, gives 
10.83707985 for the Logarithm of the Square Root: And 
this wa. for it's Index 10, ſhews that the Number to 
Which it belongs muſt needs conſiſt of 11 Places, which 
no Canon of Logarithms can come near. 

But this WN Difficulty is ſoon removed: For if you 
ſeek the Root of any higher Power, compound of ſuch 
2 Power as in this Caſe is the Square fquared, ſquared: 
Cube, or ſquaredly 8 (See Geometrital Pro- 

"2 — 
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4 


grain, page 33) the Root primarly intended, is by 
ultiplication ſoon gained. . 


As for Example. 


If you divide the Logarithm 21.6741597 by 4, the 
Exponent of the ſquared Square, or 4th Power, it gives 
5-4185 399 the Logarithm of, 262144, and that being the 
quared Square Root, or the Square Root of the Square 
Root, Therefore ſquare this Root 262144 (that is multiply 
it in itſelf) it will produce 68719476736 the Square 
Root of 4722366482869645;213695. Or if the ſaid 
Logarithm 17. 159 had teen divided by 6, the Index 
or Exponent, the Quotient would have been 3.61 2359005, 
the Logarithm of 4096, which being cubed, will be 
68719476736, the Square Root, | becauſe the ſquared 


Cube Root, is but the Cubic Robt of the Square Root. 


— 


XXIV. g 


Shall here add three uſeful Problems concerning Inte- 
relt and Annuities in the Logarithmetical Way. 


1 PROBLEM I. 


To find the Time wherein a given Sum of Money will 
by 2 to any Sum required at any Rate of Compound 
ntereſt, 


The RULE, 7 
Subtract the Logarithm of the leſs Sum, out of the 
Logarithm of the greateſt, and from this Difference 
ſubtract the Logarithm of one Pound and it's Intereſt 
ſor a Year, if any thing now remain add Cyphers, and 
You " have the Quotient in Years, and Decimal Parts 
01 A Tear. 


J AL AMPLE 


Some Uſeful Problems. 10 
7 EXAMPLE. | 


In what Time will 47. be increaſed to 6.51557851. at 
| 5/..per Cent. fer Annum ? 
e Operation, 
8 * | a 
2 Logarithm S6. 515 5785 is 0.8139530 
e of 20. * is 0.6020600 
7 : 2 FORT: 1182 
: Logar. of 1,05 = .0211893)0.2118230(10 
d | 211893. 
: 235 
5 Rem. o 


Aaſtrer 10 Vears. 
PROBLEM II. 


To find the Time when a yearly Payment given will 
raiſe a required Stock at any Rate of Compound Intereſt. 


The RULE. 


Suppoſe the Yearly Payment to the Intereſt of a Sum 
of Mone „and ind by ke Rule of Three a Correſ- 
pondent Principal; which being done, add that Principal 
to the Stock, and from the 1 of their Sum, 
ſubtract the Logarithm of the ſaid Principal; that diffe- 
rence divided by the Logarithm of the Rate, ſhew the 


Time. 
EXAMPLE. 


In what Time will 30“. per Arnum, raiſe a Stock of 
400/. at 5. per Cent. Compound Intereſt ? 


Sv CÞ 


| 


Fe —— 


Operation. 


rr 
. = 
Wo 
2 
8 
G3 
O 
— 
4 
— 
* 


1 - Some Uſeful Problems: 
122 1069 = + $,0000000 
Logarithm - 2.778113 
. Logarithm 1.05 . oz 11893 )0. 22184870104. 7 
boy 


| Days 
Anſwer 10 y. : 5 n.: 19.2 4. 


PROBLEM II. 
To find the Time wherein a yearly Payment will pay 
off a Debt, at any Rate of Compound Intereſt. 


KS 13 The RULE. | 

= 4s in the former Problem, find the Principal, anſwering 
the yearly Rent at the Intereſt propoſed, and ſubtract the 
Debt out of the Correſpondent Principal, and the Loga- 
rithm of the Difference, from the Logarithm of the Cor- | 
reſpondent Principal, this laſt difference, divide by the | 
Logarithm of the Rate, ſhews the Time. | * 


| EXAMPLE. 
In what Time will a yearly Rent of 587. pay off a 
Debt of 7401. at 5/. per Cent. Compound Intereſt ? 


Operation. 
If FI.: 1000. : : 58). : 11600. 
Debt Subtract - 740 


| 420 
Legar. of 11606 = 3.06445 80 
Logar. ot 420 == 2.6232493 


Logar. of 1.05 = ,0211893)0.44 12087 (20.82 
N 


— 


| Anſwer 205. 9 8. 1 25.24, XN 


ay 


Ceres and Virginum, 


XXV. Ceres and Virginum: 


Shall conclude this Chapter with the Rule called Ceres 
I and Virginum, which teaches only how to reſolve 
Merry or Sporting Queſtions, to exerciſe young Practitioners 
in Num 

Queſt. 1. A Lady's Caterer bought 10 Birds of two 
Sorts, viz. Turkeys and Geeſe, for 24s.. the Turkeys 
coſt 45. and the Geeſe 2s, a Piece, how many did 
buy of each? | 

RULE. 

Multiply the whole Price by the leaſt Price, ſubtract 
the Product from the whole Price, the Remainder divide 
by the Difference between the two Prices, the Quotient 
is the Number of Turkeys, viz. 2 x 4 = 8s. and 8 Geeſe 
X 28, = 16 + 8 = 245. 1 | 

Dueft. 2. Suppoſe 21 Perſons in Company, Men, 
Women, and Children, and amongſt them they ſpent 
26s, and ſo that every Man ſpent 2s. every Woman 15, 
and every Child 64. how many were there of each ? 


8 Men, at 2s. each 16s, 
Anſwer 7 Women 1 7 


6 Children 64. 3 

21 | 26 
Or they may be 

9 Men, at 2s. each 187. 

4 Women 1 4 

8 Children 6g. , 4 


1 26 


34 . 


toſ Ceres ani Virgin. 


Or tbey may be 
7 Men, at 2s. each 145. 
10 Women 1 10 
4 Children 64. 2 
1 26 
Lash. 
74 Men, at 25s. each 1 51. 64. 
71 Women 1 7 9 
54 Children 64. 2 9 


2 ůĩß—v—v—— 


, 2x 26 © 

veſt. 3. Admit Z. to be diſtributed accordin 
2 Will of a PRoar =} Friend to thirty Grad 
Men, A, B, and C, fo that each A may have 60/. each 
B 4o/. and each C 2o/. how many Men muſt there be 
of each Sort ? 


A ( 7, 6, 5, 4» 3. 
Anſwer ene 1, 35 . 5 9. 

C | , 22, 21, 20, 19, 18. 
30 


11 B at 40 440 


5 A at Gol. each 120 
17 Cat 20 340 


Sum goo 

Ogef. 4. Suppoſe 10 Perſons of ſeveral Countries, 
Engliſh, Dutch, French, and Spaniards, to pay a Debt of 
1000/. ſo that every Engliſhman pays gol. every Dutchman 
2307. every Frenchmas vol. and every Spaniard 150l. 
bow many are there of each Country ? 
( 4 Spaniſh, at 150/. each 600. 

„i Dutch, at 130 130 

Anſwer I French, „ - 90 
4 Engliſh, at 10 200 
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Or thus, 
2 Spaniſh, at 1501. each 3007, 
3 Dutch, at 130 390 
3 French, at 0 210 
2 Engliſh, at 50 100 , 


10 1000 

Dueft. 5, Suppoſe you buy 12 Loaves of Bread for 
124, ſo that ſome might be Two Penny, ſome Penny, 
fome Half Penny, and ſome Farthing Loaves, I demand 
how many there muſt be of each Sort ? 

Now, becauſe of 12 Loaves for 124. the Mean Price 
is one, but one of the Particulars being alſo one, there 
ſhould be no Penny Loaves, becauſe there is no difference 
betwixt the Mean Price and one Penny, But it may be 
thus, ix. either, 


4 Two Penny Loaves == 8 

2 Penny Loaves == 2 Pence 

2 Half. penny Loaves = 1 8 
4 Farthing Loaves — 1 

12 0 163 - 12 

r elſe it may be 

3 Two Penny Loaves 00 og. 

4 Penny Loaves 1180 

3 Half- penny Loaves == 3 

2 Farthing Loaves = 0 2 
12 XK: 12 © * 

XXVI. Of Decimal Arithmetic. 
DEFINITION. 


H E Word Decimal is derived from Decem, Ten ; 
this kind of Numbering ſuppoſeth the Integer to be 
divided into 'Ten equal Parts: As ſuppaſe a Pound, a 
Mile, a Year, or any other thing whatſoever ; and as 


whole Numbers increaſe from the Right Hand muy: 
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the Left, in a Decuple Proportion from Unity, ſo Deci- 
mals decreaſe from Unity in the ſame Proportion from the 
Left Hands towards the Right, as is more evident from this 
Table. 


* 


Unites 1. Unites, one Integer. 
Primes 1 One tenth Part. 

Seconds 01 One Hundred Part. 
Thirds .oor One Thouſand Part. 
Fourths .ooot One ten Thouſand Part. 


Fifths. .cooot One hundred Thouſand Part. 

Sixths .ooo001 One Million Part. 

Sevenths . ooo One ten Million Part. 

Eighths oocoocoi One hundred Million Part. 

Ninths N oοοοοð One Thouſand Million Part. 
= 


Here you ſee Decimal Fractions are o 1 Denomi- 
nations, as Primes, Seconds, Thirds, Gr. 
rator is always wrote alone, and the Denominatdr of every 
Decimal is ſo many Cyphers with Unites annexed, as there 
are Decimal Places, thus, , or es, Cc. and is pro- 


Cuced by parting of an Unite into ten equal Parts, as this 


Table ſhews. 
4 Unites , | Primes. 
Primes Seconds, 
Seconds Thirds. 
— Fourths. 
| ourths Fifths. 
One Fifths makes 10 Sixths, 
Sixths |} Sevenths. 
Sevenths Eighths. 
+ Eighth Ninths. 
Ninth \ Tenths, 


1. Of Reduction of Decimal Fractions. 


To reduce a Vulgar Fraction to a Decimal, 
| | NKU. $- 
Add to the Numerator of the Vulgar Fraction a com- 
petent Number of Cyphers, and divide that Sum by the 
| | | Denominator 


* wo | 


Denner -3- Ev 


A A- 2. 


4 
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Denominator of the ſame Vulgar Fraftion, the Quotient 
is the Decimal equivalent to the given Vulgar Fraction. 

For as the Denominator of the given Vulgar Fraftion 
is to * s Numerator, fo is an Unite with ſo many Cyphers 
annexed ou intend your. Decimal ſhall have Places to 
the n 

But here Note, . That in every Quotient that ariſes in 
finding a Decimal Fraction, there muſt be as many decimal 
Places as you added Cy phers to the Numerator of the given 
Vulgar Fraction; for hat the Work falls ſhort of that, 
muſt be ſupplied by placing Cyphers to the left Hand of 
the Decimal, as you will the better perceive by e fol · 
lowing Examples. 


Reduce 2 to a Decimal ? 
_ 4)1ool(.25 2 
Reduce + of any thing to a Decimal ? 
2)10{-5 
Reduce + to a Decimal ? 
4) 300(.75 


Reduce 3 © wy of + toa Decimal ? 
Firſt it is reduced to this fingle Fraction 4. See page 48. 
Anſwer 25 | 
Reduce z of F of 4+ to a Decimal ? 
It is this ſingle Frattion # 


32)300000(-09375 | 


In finding the Decimal of N Weight, Meaſure, &c. 
you muſt reduce what you are ſeeking the Decimal of into 
the loweſt Name mentioned, and divide by what you 
delign for the Integer reduced into the a wy Name, the 
otient thence ariſing is the Decimal ſou 
hat's the hart oh 15, one Pound rn: 


TY 20)zool.og 
What's the Decimal of 6d. one Pound the Integer? 
It is this Vulgar Fraftion l of 701 


100101. 025 i 


What's 


e Wn 0 EXD, 


— — — * 
2 % - 
ON 3 yen 


* * 
On Wn. 


gp wy £m LIT: 
14 ˙» rd 


- 
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=. 


3 
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What's the Decimal of 11 4. one Pound the Integer? 
It is this Vulgar Fraction ++ of re 


240011 - 000000000{.045833333 | A 


What's the Decimal of 3qrs. one Pound the Integer ? 
It js this Compound Vulgar Fraction + of Tr of 28. 
| | 960)3.000000( .003125 


Aſter this Manner are the Decimal Tables calculated 
in Books treating of Decimals. 


To find the Valur of a Decimal Fraftion in the 
known Parts of Money, Weight, Meaſure, 
l Time 7 &c. | | . | . 


R U L E. | : 
Multiply the given Decimal by the Denominitive Parts 
of it, and cut off to the Right Hand of the Product, fo 
—_ — as the given Decimal has, places, and thoſe on 


the Left Hand are the Value of the given Decimal. 
Examples following. 
What's the Value of this Decimal .748 of a Pound 
Sterling? e * 
| 74 
20 
—— 
Shilling: 2.900 | 
Pence 11.52 . 
0 . 8 
Farthings 2.08 | l 
Ne, Cyphers on the Right Hand of any Decimal are 
W va woo . e | | 


What's the Value of 7440 $513 of a Ver 
wer 271 * 195.1 . 


. 


* 
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A TABLE of the Decimal Parts of 4 
Foot. 

: 7 Decimal. | I Decimal. || 7 | Decimat 
#0208333] | 3541666 255875 

2 04186661] 31375 = | -708333 

+| -0025 +| -3953333|| 4|-7291666 
_1] .083333 || 5 .4166066|] g] 75 

5] -104166 || 4355 717508333 
21125 4458333 + | 7916606 
11.145833 211479166 |} +| 8125 

_2] . 166666 . 10832333 

41.1875 X| +5 20833 z | 8541666 
| 21.208333 31.541666 x | .875 
2] .229166 [4 -5625 + | -$95933 
_3] -25 21882223 11] .916666 |. 
7 270833 4. 6041666 [49375 
2.291666 || 4625 2158333 
113128 44583334 979166 | 
4.333333 || 81.666682. 
ADDITION. 


* 


This is the very ſame with Addition of whole Numbers, 
m which you muſt obſerve to place Primes under Primes, 
Seconds under Seconds, Thirds under Thirds, &c. and 
caſt the Sum up all one as if it were Whole, And 
when you have done, ſeperate from the Total ſo many De- 
cimals to the Right Hand, as the greateſt Decimal hath 
Places, As theſe Examples will better inform you, 


. L Frafms 
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Fractions tobe added. 
473 870461 
66 725 
3075 U 604318 | 
.29 5 | 
.1806 327 ” 
Sum 1.601 71 3.0267 79 4 


Mixt Numbers to be added. 


£ | n * 
6 104 0-3: 0 3-8 
pt 5 © 1 3.776 
4.9102 4 18 2 1.796 
3-20759 5 4 1 3.2564 
2.071 : 1 3 0.16 
1.8 1 16 oO o. 

- Sum 30.91129 30 18 2 2.8384 

; 20 

Shill. 18.22580 * | 


; I 2 


Pence 2.7096 .. 850 
4 


Farthings 2.8384 The ſame as on the Right Hand. 


Of SUBTRACTION. 


This is the very ſame with that of whole Numbers, 
only remember to ſeperate to the Right Hand of the Re- 
mainder, ſo many Figures for Fractions, as there are Deci- 
mal Places in the greateſt Number, and to place Primes 
under Primes, Cc. as in theſe Examples, 

| Fractions. 


SSK 
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Fractions. Mixt Numbars, 
J. Ells. 
9 641, 
L 3765 
| 191 640.6235 
In ſubtracting Integer. and Decimals, obſerve the following 
Order. 
J. 1 N 4 J. d. 7 
Lent 1681.178787 1681: 3:6: 0.96 
Paid 946.754 - 946: 15 : ©: 3.84 15 
Pounds 734.422 234: 31116 
| 20 
— 
Shillings 8.44 
12 
— — — 
Pence 5.28 
| 4 


Farthings 1,12 
DB 
Multiplication of Decimal, 


This in all Reſpects is the fame with whole Numbers, 

only when the Work is done, obſerve to cut off to the 
Right Hand as many Decimal Places as are in both the 
Factors, that is in the Multiplicand and Multiplier, and if 
the Product doth not produce ſo many Places, then you 
muſt ſupply that defect by placing Cyphers to the Left 
Hand of the Product. Here are three Caſes, which 

b mark well. 

4 | Caſe 1. A Decimal Fraftion multiply d by a Decimal 
Fraction | 


o 


A Pg L 2 | Multiplicand 
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Multiplicand 3 


Multiplier 25 125 
375 3425 
„ 1 
Produt 1875 685 
085625 


Caſe 2. A Decima! Fraction multiply'd by a mix'd 


Number, 


Multiply me 943 and - 56104 
By 7.35 by  - - 29.18 
— — — — — 
4715 48832 
2829 | 6104 
6601 54930 
Product 6.93105 — 
17.811472 


Caſe 3. A decimal Fraction multiply'd by a whole 
Number. 


Multiply me 7305 
By — 


14612 
3836 
30530 


Product 3698. 2972 


Contrations, 


Let it be required to multiply 7.03215 by 4.06032, 
and to have _ four decimal Places in the Product in the 
Firſt, three in the Second, two in the Third, and one in 
the Fourth. 


Note, The Multiplier muſt be tranſpoſed in the Way of 
Working, and the Units Place of the Multiplier is 


{et 
under 


to re 


th 


t 


—. ³%—⅛1 . ͤ—K 
ol 
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under that Place of the Multiplicand, which you deſign 
See the Operations. 
| T 
1 II. 
7.03215 7.03215 
230604 230604 
4 | 281286 - 28128 
4219 421 
* 21 — 
— 28.549 
28.5 5 26 
III. IV. 
7.03215 7.03215 
230604 230604 
2813 28.1 
42 
28.55 


Note, You muſt always have Regard to the Increaſe of 
the two next Figures on the right Hand. 


Queſtions in Multiplication of Decimals. 


What will 35. 114. produce being ſquared, a Pound 
the Integer ? 

Anſwer 9 d. 0.816544. | 

Queſt, 2. What's the Square of 35. 11 4. a Shilling 
the Integer ? | 

Anſwer 15 5. 4d. 0.339. 

Oueſt. 3+ What's the Square of 2 J. 117. 7 d. I 7 ' 4 
Pound the Integer? 

Anſwer 6 J. 13s. 4 4. 1 9. 497. | 

Dye? 4. What will 15. 6. 4. produce being ſquared, 
Pound the Integer? 
Anſwer 1 4. 19. 


Na if « Shilling be made the Integer, the Anſwer will 
4 
b 7 L 3 | Note, 
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Note, Queſtions of this Nature admit of infinite An- 
ſwers according to what you make the Integer. 


; Diviſion of Decimals. 


You are to proceed in this in every Reſpect as if they 
were whole Numbers, only when the Work is done you 
are to find out the Value of the Quotient, by ſubſtracting 
the Number of decimal Places in the Diviſor from the 


Number of Places in the Dividend, and the Remainder 


are the Number of Decimal Places to be prick'd off in 
the Quotient. Here are Nine Caſes, which take in the 
tollowing Order. 


Caſe 1. A whole Number divided by a whele 
Number, ; 


283)154605-(546.307 
Note, If any Thing remain, add a Cypher, and ſo on, 


for every Cypher you add, there will be a Decimal in the 
+ Quotient. Here are three Cyphers added. 


C2/e 2. A whole Number divided by a mixt Number, 
28.3) 154605.000( 5463.07 


Caſe 3. A whole Number divided by a decimal Fraction. 
283) 154605.000(5 463.07, 
Ca/e 4. A mixt Number divided by a whole Number. 
283.)1546.05(5.46 
Caſe 5. A mixt Number divided by a mixt Number. 
28,3)1 546-05(54.6 


Caſe 6. A mixt Number divided by a decimal 
Fraction. 25 | 5 
-283)1546.050(5463. 


* 


* — 


Caſe 


+ — 2 9282 


«<4 is wat © © 
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Caſe 7. A decimal Fraction divided by a whole Numb. 
283.).154605(.000546 


' Caſe 8. A decimal Fraction divided by a mixt Number. 
28.3). 154605 (00546 


Caſe 9. A decimal Fraction divided by a decimal Fract. 
283). 154605ʃ·546 | 


Contrattions. 


Becauſe the Way of dividing Decimals often proves 
tedious, when it is required to continue the Diviſion till 
the Value of the Remainder be ſmall; for this Reaſon I 

ſay, the following Method was invented. 

As many Decimals as you intend your Quotient ſhall 
contain, retain o many in your Dividend, and then be- 
gin to divide with the firſt Figure as in the common 
Way, and prick off one Place in the Diviſor to the right 
Hand, and begin with the next Figure, in the Quotient 
to multiply it by the Figure in the Diviſor which ſtand 
over the Dot, but do not ſet it down, but carry it's In- 
creaſe to the next Figure, and ſet it down for the firſt 
Place of Work under the Dividend, proceed thus, by 
dotting under the Diviſor, by which Means you drop a 
Place every time, which will muck ſhorten your Work. 

EXAMPLE. 

Let it be required to divide 31.41592 by 579.268 and 

to retain five decimal Places in the Dividend. | 


579-268)31.41592(-0542338 
E090 © 28909340 


245252 
231707 


1 


N | 5 : 2 3 N — — LY 5 _ 2 "Woah 
RE AASA REESE RA RES EIS. 8 
OX us — = J N , . 4 


> 


. 
1 
of 
2 
4 


— 


3 


2 


Example 
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EXAMPLE II. 


Let it be required to divide 406.371082 by 617.26 
and to retain — decimal Places in the — 1 ? 


617.26)406 371]082(.65835 


When you cannot have the Diviſor in the Dividend, 
drop a Figure in)the Diviſor by dotting under it, and carry 
it's Increaſe to the next Product of the Diviſor, as for 
Example, Divide 21.83 by 9.706 here twe Places of De- 
cimals are retained. 


— 9.706)21.83(.225 
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a 
88 


—_y 


= 4 


The Single Rule of Three Direct in 
Decimals, 


F Ordering the Numbers and ſtating the Queſtion is 
in all Reſpects as in whole Numbers, which we 


have taught in Chap. IV. therefore we ſhall proceed to 
give ſome Examples. 


veſt. 1. If 20 4 Yards, of Cloth coſt 36 J. 15 5. what 
wil 6 i Yards coſt. 


In Decimals it will ſtand thus, a Pound the Integer. 


=, J. . 
If 20.5 : 36.75 + 
36.75 
32125 
275 
39550 
| . 
20.5) 2361. 1875 (115.179 


207 
311 
205 


1061 
102 


368 

155 205 

* 1637 
1435 
2025 
1845 
: 180 7 
; ; d then 

Remainder 180, to which add 3 Cyphers, an 

there will remain 10. and the Quotient 115.1798787 
=115/. $67 6: 0.082887. 2uefht, 


1 

— N 
Sn 

* * 
by 

70 4 
v4 

4. 
\ 

. 
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weſt. 2. If 64.25 Yards of Cloth coſt 115 J. 3s. 
7. 0.68288 9. what will 20.5 Yards coſt, « 
Anſwer 36/. 15 s. 

4 3. If for 36 7. 15s. I buy 20.5 Yards of 
Cloth, how many Yards may I buy for 115/. 3:. 
7 d. o. 68288 9. | | 

Anſwer 64.25 Yards. | | 

Dueft. 4. Ti 115 J. 35. 74. 0.68288 9, will buy 
64.25 Yards of Cloth, how many Yards may I buy for 
36.754. - 

Anſwer 20. 5 Yards. | 

And thus you * how every Queſtion may be varied four 
ſeveral Ways, and one is a ſure Proof of another. 
Quest. 5. If ax Labourer earn 25. 14 d. per Day, what 
doth that come to in the Vear? a Pound the Integer. 


State it thus. 


a D. Z. D. J. J. a, 
If 1. 1062499 :: 365 : 38 15 74 


But make a Shilling the Integer it will ſtand thus. 
r 


— 8 
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& I'S is what is called Croſs Multiplication amonęſt 
Workmen and Artificers; they generally caſt up all 
their meaſured Work by this Way, and therefore it claims 
a Place in this Treatiſe. | | 
Firſt then, Feet multiply'd by Feet produce Feet. 
2. Feet by Inches, and divided by 12 are Feet. 
3. Feet by Parts, and divided by 12 are Inches. 
4. Inches by Feet, and divided by 12 are Feet, 
5. Inches by Inches, and divided by 12 are Inches. 
6. Inches by Parts, and divided by 12 are Parts. 
7. Parts by Feet, and divided by 12 are Inches. 


8. Parts by Inches, and divided by 12 are Parts. 
9. Parts 


r _—__ V O00 ACA — PX 
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. Parts by Parts, and divided by 12 are Seconds. 
hat is a Name next leſs than Parts: As in this Table. 


EXAMPLE, 


Let 5 Feet, 3_ Inches and 6 Parts, be multiplied by 
2 Feet, 4 Inches and 6 Parts, what will be produced ? 


| 251 
Factors. Feet. | Inches. Parts. f 
are Inches are Parts | 
| Feet. | Feet [ by 12|+ by 12 4 
| are Feet. [are Inches. 
are Inchesjare Parts |are Secon. j 
Inches. [ by 12]= by 12|+ by 12 ! 
- [are Feet. {are Inches. are Parts. i 
are Parts [are Secon. are Thirds | 1 
Parts. |= by 12|= by 12|= by 12 9 
are Inches. are Parts. ſare Secon. ; | 
3 a9? 1 
4 
[ 
1 


See the Wark. 
5 1 

ultiply g. 6 j 
By : 4-'Þ | | 
19:6 0 } | 

. ; 

1 8 o | 

8 1 

3 

1 0 

Roe | 
Product 12 6 9 9 | | 
In adding the ſeveral Products together, you muſt ſet T4 
down all above 12, and carry the Twelves to the next = 


Denomination. 


- 
4 { 
Aer. = 
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More Examples. 
5 „ 
* 8 o 119 
* 9 2 8 
os "EE 58 Il 
5 22 
a 2 Prod. © 4 10 9 
Produt 5 10 11 
| „ 
Multiply me 49 119 
By 28 5 NY 
1372 0 © 
25 8 o© 
5 
20 5 © 
oa 
3-9 
3 0 
19 10 
...v 
_ 29 
Product 1421 3 4 8 3 
The ſame i 
3 tog performed decimally from 
49.97916 
28,4375 
24989580 
_ 34985412 
14993748 
19991664. 
39983328 
29995832 
Feet 1421.282362 500 


the Table» 


Feet 
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Feet 1421.282362500 
12 
Inches 3-3883500 
12 
Parts 4.66020 
I2 
Seconds 7-9224 


Thirds 116688 


This Kind of Multiplication may be rationally performed 
by beginning to multiply by the leaſt Denomination to- 
wards the right Hand, and ſetting down all above 12, 
carry the Twelves to the next Figure, and add them all 
up by 12 except the Feet, which muſt be done by Tens, 


as in this Example. 
| | . 
Multiply me 9 
By 1 
T1106 
„„ 
> 8 13 
7 8 10 O 


Anſwer 88: 6:9: 1: 227 1 6 


That is 88 Feet, 6 Inches and 9 Parts, c. ef an 
Inch, the other Figures being of 0 ſmall a Value that 
they are not worth mentioning. = 


7 
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CHAP.II. 
Of GEOMETRY. 
DEFINITION. 


EOMETRY Originally fignifies the Art of 

meaſuring the Earth, or any Diſtances or Dimen- 
ſions on or within it. But 'tis now uſed for the Science 
of Quantity, or Extenſion, Magnitude, abſtractly conſider- 
ed, without any regard to Matter, 

Geometry very probably had it's firſt riſe in Egypt, 
where the Nie annually overflowing the Country, and 
covering it with Mud, obliged Men to diſtinguiſh their 
Lands one from another, by the Conſideration of their 
Figure; and to be able alſo to meaſure the Quantity of it, 
and to know how to Plot it, aid to lay it out again in 
it's juſt Dimenſions, Figure and P:.oportion : After which 
"ris likely a farther Contemplation of thoſe Draughts and 
Figures. help'd them to diſcover many excellent and won- 
derful Properties belonging to them, which Speculation 
continually was improving, and is at this very Day. Be- 
tore I proceed, I ſhall firit explain ſome Terms, 

1. Axio, is a Principal in any Art, ſo evident, that 
it needs nothing but the Light of Reaſon to demonſtrate it. 

2, Cor/irafion, isthe drawing of Lines and framing of 
Figures, on preparing the Propoſition for a Demon- 
{tration, | 

3. Corollary, is a conſequent Truth gained from pre- 
ceding Demonſtration. | - | 
4. Definition, is the unfolding, or explicating of the 
Nature and Affection of a Thing in a few Words. 

. Demonſtration, is the E of a Thing by Defi- 
nitions and Axioms, and ſo from ſeveral Arguments draw- 
ing a Concluſion, that it has that Affection the Propoſition 


did aſſert. 
6. Hypo WF 


ſuring Angles. 
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' * ae, is when a Thing is ſappoſcd, or given 
to Os $i 

7. Lemma, is the Demonſtration of ſome Premiſe, in 
order to ſhorten a following Demonſtration. 

8. Problem, is when ſomething is propoſed to hg done, 

9. Propoſition, is uſed promiſcuouſly, either for a Pro- 
blem or "Theorem. 

10. Poftulata, is a grantable Requeſt, or ſuch a Demand 
as reaſonably cannot be denied. 

11. Scholium, is a ſhort critical Expoſition, gained from 
a former Demonſtration, or a Corollary, wanting an 
Explanation. 

12. Theorem, is when ſomething is propoſed to be 
demonſtrated, 


* 


s 


II. Of Geometrical Definitions. 


1. Point is that which hath no Parts, and is the 
very Beginning of Magaitude. 8 

2. A Line is generated by the Motion of a Point, and 
is ſuppoſed to have Length without Breadth or T hicknels. 

3. A plain Superficies is generated by the Motion of a 
right Line, and has Length and Breadth only. 

4. Convex Superficies, is generated by the Motion of a 
Curve, or crooked Line, and is well repreſented by the 
outſide of a Bowl, or Baſon. _ | 

5. A Concave Superficies, is allo generated by the 
Motion of a Curve, or crooked Line, and truly repre- 
ſented by the Concavity of the Heavens, or by the inlide 
of a Bowl. ; 
6. A Wavey Superficies, may be repreſented by the 
Surface of the Sex 2 3 8 * f 

7. An Arch, or part of a Circle, flows from a Point 
deſcribed on ſome particu ir Centre, and is uſed in mea- 


8. A plain or right lind Angle, is made by the meeting 
of two right Lines in a Point; and if one of the Lines 
be continued beyond the Point where the other meets it, 


there will then be two Angles ſormed: But if both the 


M 2 | Lines 
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Lines are continued beyond the Point, where they firſt 
touched they will then form four Angles. | 
9. Angles may allo be either Acute Right, or Obtuſe; that 
8 in Quantity leſs than go, juſt go, or more than go 
* 


10. A Triangle is a Figure made by three Lines, and 
if right Lines, *cis called a right -lin'd Triangle: And in 
reſpect of tle Angles, may be either Acute, Right, or 
Obtuſe. ! . 

11. Every plain Triangle may be conſidered, with 
relation either to it's Sides, or to it's Angles; as to it's 
Sides, it may be either Equilateral, Iſoſceles, or Scalenous. 
12. An Epuilateral Triangle, is that which has all 
it's Sides equal to one another, every Angle of which is 
60 Degrees. 

13. Iſoſccles,  Equicural, or equal leg'd Triangle, is 
that which hath only two Sides equal: The Angle at 
the Baſe are cqual. 

14. A Scalenous Triangle is that which has no two 
Sides equal. 

15. A Spheric Angle is made by che Interſection of 
two Curve Lines, or by the meeting of two Arches of 
iwo great Circles of the Sphere, s 

16. An Oblique Spheric Angle is made by the meet- 
ing of two Arches of two great Circles of the Sphere, 
and contains more than go?, or a Quadrant. | 

17. A mix'd Angle is when one is ſtreight and the 
other curved, or crooked, and this you often meet with 

in the Stereozraphic Projection of the Sphere, that is, 
when the right Line cuts the Concave Side of the Arch. 
But if the Angle be made on the Convex Side of the Arch, 
being a Tangent to that Arch, then it may be called the 
Angle of Contact, which is leſs equal and greater than the 
Truch, as Zuclid demonſtrates in the 16th Propoſition of his 
third Book; and Conſequently the Angle of Contact is 
not any known Quantity. | . 

18. A Spheric Triangle is made by the Interſection of 
three great Circles of the Sphere, and the Sum of the 
three Angles of a Spheric Triangle is greater than two 
right Angles. 5 Be 

19. A Circle hath one Line which encloſes it's Space, 


which is made by the Motion of a Point round ſome other 
3 Point, 


Uvided Mathematically into 51 equal Parts called Degrees. 
3 f 
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point, at ſome certain diſtance, and this curved Line when 
moved round is called the Circumference, or Periphery, 
and the Point exactly in the middle on which it was de- 
ſcribed is called the Centre, from whence all Lines drawn 
to the Circumference are equal, and are called Radius, 
whole Sine or Semidiameter, whoſe double is the Diameter 


or Chord of 180. Conſequently ali Circles have in them 
360 Degrees, 


20. A Semicircle, is half the Whole Circle, being 
contained betwixt the Diameter, and that Part of the Cir- 
cumference cut off by it. From which an Inftrument in 
I 4p takes it's Name. It has in it 180 Degrees, as 

21. A Quadrant is exact one Quarter of a Circle, or © 
9o Degrees, being bounded by a fourth Part of the Cir- 
cumference, and two Semidiameters cutting each other at 
a right Angle in the Center as A CB. | | 

22. A Segment of a Circle is a Part cut off by a right 
Line, (leſs than the Diameter) drawn within the Circle, 
repreſented by the Chord or right Line A d in the fol- 
lowing Figure, and this Segment may be greater than a 
demicurcle, as A I 4, or lefler, as A 6c. 

23. A Sector is formed by Part of a Circle, and two 
demidiameters drawn from the Center to the Circumference, 
A Area is equal to the Superficial Content of a right 

one. 

24. Every Circle, whether great or ſmall is ſuppoſed to be 


and 
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and every Degree into 60 equal Parts called Minutes, every 
Minute into 60 other equal Parts, called Seconds, Sc. the 
Reaſon of dividing the Circle into that Number is, be- 
cauſe it will admit of more equal Parts than any other 
Number, as by the Work is plain. 
2 360 0 180 Degrees. 
3 


25. The Meaſure of a right Angle is an Arch of 4 
Circle deſcribed on the Angular Point, by the Sweep or 
Chord of 60 Degrees, and lieth intercepted betwixt the 
two Sides that forms the Angle ; and as many Degrees as 
there are in the Arch, ſo much is the Meaſure of the Angle, 


when that opening is applied to the Line of Chords, which 


is the moſt expeditious, but any right lin'd le may be 
meaſured by it's Sine, Tenn, > Secant. " F 
26, The right, or natural Sine of an Arch or Angle, 
is a Line perpendicular to the Diameter and continued 
till it touch the Periphery of the Circle; as H I is the 
Sine of the Quadrant, I=G I, and likewiſe the 
other Perpendiculars are Sines of their reſpective Arches, 
c. The Chord of an Arch is like the String of a Bow, 
and leſs than the Diameter, (for the Diameter is the Chord 
of 180 being drawn to touch the Circle in two Points 


any where, as As, Ar, Ad, Ae, are all Chords of 
their reſpective Arches, 


1 
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| 27. The Tangent of an Arch, is a Line dicular 

N to the Diameter, and touching the Circumference of the 

| Circle, meeting with a Line iſſuing from the Center, called 
the Secant : 80 that AB is the Tangent, and A C is the 
Secant of the Arch DB, and fo of the others in this 
Figure, where the Secant cuts the Circle and meets with 
the Tangent, is determined the Tangent and Secant of 
that Arch. 


K 


28. The Complement of an Arch or Angle is what the 
Angle wants of a Quadrant, or of a Semicircle ; as ſuppoſe 
you have the Sine of 60=to A B, then it's Complement to 
a Quadrant is A C, and BD is the verſed Sine: Now ' tis 
prom from the Figure that the verſed Sine and Co- 

ne, or Sine Complement, are always equal to Radius, for 
CA=EB, and EBT BD =ED the Radius. 


N. 3. 
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N. B. The Chord, Sine, Tangent and Secant of every 
Arch leſs than go, is alſo the Chord, Sine, Tangent and 
Secant of ſo much more than go as it's Complement is 
ſhort of go Degrees. | 

29. A Geometric Square, has four equal Sides, and 
the Angles all right, or go Degrees. 

30. A Parallelogram, oblong or long Square, has it's 
oppoſite Sides parallel and equa! and the Angles right. 

31. 4 Rhombus has all it's Sides equal, and the oppoſite 
Angles equal, but none of them right, two being acute and 
two obtuic. | 

32. A Rhomboides, hath it's oppoſite Sides and oppo- 
ſite Angles equal, but not fight angled. 

33. All four-fided Figures whoſe Sides are nat equal, 
are called Trapeziums, and it's Angles are alſo unequal, 

34. The Diagonal of any Figure is a right Line drawn 
from the oppoſite Angles. 

35. If Figures have above four Sides, and thoſe unequal], 
they are called irregular Polygons. 

6. Regular Polygons are thoſe that have more than 
four Sides, in which the Sides and Angles are equal; fo 
that if it has five equal Sides and Angles it is called a Pen- 
tagon, every Angle of the Circumference is 108 Degrees, 
_ and at the Center 729. | 

A Hexagon has ſix equal Sides and Angles, every Angle 
at the Circumference is 120 Degrees, and at the Center 
60 Degrees. 

A Heptagon has ſeven equal Sides and Angles, the Angle 
at the Circumference is 128.57149 and at the Center 
$1.428579, 

An Octagon hath eight equal Sides and Angles, every 
Angle at the Circumſerence is 1359, and at the Center 459. 

A Nonagon hath nine equal Sides and Angles, every 
Angle at the Circumference is 140, and at the Center 40. 

A Decagon hath ten equal Sides and Angles, every Angle 
at the Circumference is 144, and at the Center 36% 

An Undecagon hath eleven equal Sides and Angles, every 
Angle at the Circumſerence is 147. 27 and at the Center 
32.72 Degrees, Fs 

A Dodecagon is a Figure of twelve equal Sides and 
' Angles ; every Angle at the Circumference is 150, and at 
the Center 3o Degrees, From hence it is plain, that _ 

| regular 


] 
{ 
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regular Polygons derive their Name from their Number of 
Sides, be they ever ſo many, ſo that tis needleſs to mention 
any more of them, 

37. A Cone is a ſolid Figure, riſing from a Circle by 
the Rotation of a Triangle round one of it's Sides and ter- 
minates in a Point at the Top. called it's Vertex ; a Cone 
is equal to one third of it's circumſcribing Cylinder, as is 
plain from the Figure. 


Every Cone hath five Sections. (t.) If the Cone be cut 
by a Plain thro” it's Axis A B, that Section will be a 
Triangle. (z.) If the Cone be cut any where by a Line 
parallel to the Baſe, as C D, this Section will be a Circle. 
(3-) If the Cone be cut in any oblique Poſition, as fe, 
this Section will be an Ellipſis. (4.) If the Cone be cut 


* do 
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by a Line as G H, parallel to one of the Sides, this Section 
will be a Parabola. (5.) If the Cone be cut by a Plain 
as I K, parallel to the Axis A B, this dection will be an 
Hy perbola. 

Note, That every Triangle is half it's circumſcribing 
Parallelogram, the Diameter of every Circle, is the Side 
of that Square that circumſcribes it, which is double to 
that Square inſcribed in the ſame Circle. 
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The Ellipſis is a Geometrical Mean between two Circles 
+ deſcribed on the Tranſverſe and Conjugate Diameters. The 
Parabola is 4 of it's circumſcribing Parallelogram. The 
Hyperbola, is Fs of it's circumſcribing Parallelogram. 

38. There are three Kinds of Magnitudes, viz. Length, 
Breadth, and Thickneſs ; that is to ſay, aLine, a Superficies, 
and a Solid. - 

A Line being generated by the Motion of a Point, a 
Superficies by the Motion of a Line, and a Solid by the 
Motion of a Superficies ; and which Way ſoever a ſolid is 
moved, it ſtill produces but a Solid. Therefore a Solid is 
that which hath Length, Breadth and Depth, and it's 
Bounderies are Superficies. 


A Parallepipedon is a ſolid Figure, contained under 


39. 
fix P, allelogxams, the oppoſite which are parallel. 

40. A Priſm, is a folid Figure, contained under ſe- 
veral Plains, whoſe Baſes are regular Polygons. 

41. A Pyramid is a ſolid Figure, whoſe Baſe may be 
either a Triangle, Square, or any other Polygon, whole 
ſeveral Planes meet in a Point at the Top. 

42. The Fruſtum of a Pyramid or Cone, is only the 
remaining Part when the Top is cut off. 

43. A Cylinder is a folia Figure, like the Rowling 
Stone of a Garden, and is formed by the right Line movirg 
round parallel to itſelf, and conſequently is in all Places of 
the ſame Diameter, it's Ends are Circles and parallel to 
each other, | 

44. A Spheroid is a ſolid Figure, made by the Motion 
of a Semi-Ellipks, the tranſverſe Diameter remaining fix'd. 
45. A Sphere or Globe, is a Solid, perfectly round 

every where, produced by the Rotation of a Semi- circle, 
the Diameter remaining fix d. | 

46. The Segment of a Sphete, or Globe, is a Piece 
cut off Jeſs than half the Globe ; and the greater Part of 
it is called a Fruſtum 

47. A Parabolic Spindle, is a Solid, formed by the 
Rotation of an acute Parabola, about it's greateſt O:dinate, 
remaining fixed. 

48. A Parabolic Conoid, is made by the Rotation of a 
Semi-parabola, the Abſciſſa remaining fixed. 


49. An 
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49. An Hyperbolic Conoid, is generated by the Motion 
of - _ yperbola, the tranſverſe Diameter remain- 
ing fix cd. 
es The Tetraedron, is one of the Pythagorian, or Pla- 
tonic Bodies, and is a Solid Figure, contained under 
four equal and equilateral Triangles, which may be deem'd 
a little Pyram; d. 1 f 

51. The Hexahedron, or Cube, is another of the Pla- 
tanick Bodies, and is a ſolid Figure, contained under ſix 
equal Sides, or Geometric Squares. 

2. The Octahedron is another of the Platonic Bodies, 
and is a Solid, contained under eight equal and equilateral 
Triangles. 4p. \ 

53 The Dodecahedron is another of the Platonic Bodies, 
and is a Solid, contained under twelve equal equilateral, 
and equiangular Pentagons. | 

54. An Icoſahedron, is alſo one of the Pythagorian 
Bodies, and is a ſolid Figure, contained under twenty 

equal equilateral 'T riangles. 


III. Of Geometrical Theorems. 


1. Þ F two right Lines be parallel at any diſtance, as AB 

and C D, and be cut by a third E F, at any Angle 
whatſoever, I ſay the Angles of the one are equal to the 
Angles of the other. a= à ande =e. 
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2. A right lin'd Triangle, made between two let 
Lines, the internal Angle is equal to the ext and 
that all the three Angles taken together are equal to a Se- 
micircle. 3 = 6b, and c == gc, and that 4 is = to Comple- 

ment 4 and c. | 


* & 
— —— 


IF 


3. Any fide of a right lin'd Triangle, being produced, 
the external Angle is equal to the Sum of the two acute 
internal Angles. And further, if we draw a Line parallel 
to the Baſe as 4 d. it will divide the external Angle into two 
bother Angles, which will be in Quantity equal to the two 
internal Angles ſeperately. 


4: An Angle at the Centre, is double to an Angle at the 

Circumference, as is clear from all the three Figures ; the 

| on ACD in the firſt Scheme is double to the Angle 

AB P, and A C in the ſecond is double to the Angle 

- ABC. And the Angle ACD in the third Figure is 
double to the Angle A B D. | 


5. Every 
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5. Every Equilateral Triangle inſcribed in a Circle, the 
internal Angles in the Triangle are equal to a Semicircle, 
and the external to the whole Circle, or 360 Degrees, as 
per Figure. For 60 x 3 = 180. And 120 „ 3 = 360. 
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6. An Angle in an Arch greater than a Semicircle, is 
leſſer than a Quadrant, or 90. Euclid 31, 3. As in Fig. 1. 
7. An Angle in a Semicircle is — to a Quadrant, or 
90, as in Fig. 2. | | 
8. An Angle in an Arch lefler than a Semicircle is 
greater than a Quadrant or go Degrees, as in Fig. 3. 


o. Equiangled Triangles have the Sides about the equal 


Angles proportional. For as, 
3:30: 3C:DEoa AB:BC::4AD 


DE. 
A 


E | D 
This is uſeful in Mercators Sailing. : 


10. The Area of ſuperficial Figures are proportional at 
the Square of their Sides that bound them. 7 
| or 


— 
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For in theſe two Figures the Area of the Square, ex- 
ceeds that of the Parallelogram, proportional to the Square 
of their Sides; although they be 80 each all round, yet 


the Area of the Square exceeds the Area of the Oblong 
by 100. 


20 120 


tr. When a right Line is divided into two equal Parts, 
the Square made of thoſe Parts are equal but to 4 of the 
Square made of the whole Line A B, whoſe Square is = 
AB C D. And the Square of A E, is AEF H, one 
fourth Part of the great Square. But the Squares made ot 
AE and E B, are equal to half the great Square. 


A | B 
| 
*— F 'G 
D | 5: 
[ 


1 IT 12. When 
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12. When a Line is divided by chance into two un- 
equal Parts, the Square of the whole Line is equal to both 
the Squares made of the Parts, and to two Parallelograms 
comprehended under the ſame Parts alſo: For the 
Square B C DE, and the Square FE H G, with the Pa- 
* ABE F, and E DI H are equal to the Square 


I G, 
B 
| 

F | 
E 
| 

0 | P 

H 


13. Every Triangle is half the Square or Oblong that 
eircumſeribes it. In the Triangle ABC, let fall the 
Perpendicular BD. Then tis plain from the Figure that 
AB C is half of AEF C. 


8 F 


| 
A. P C 

14. In all right angled plain Triangles the Square 
made of the Hypothenuſe, is equal to both the Squares made 
of the two Legs which contain the right Angle. For by 


the Figure it is plain, that the Square of A B 3=9, and 


the Square of B C 4=16 + 9=2z5 = the Square of A C. 
| ; 15, The 
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31 


16. The diagonal Line of Every geometric Square, is 
double in Power to the Side of the ſame Square. 

16. Parallelograms, which ſtand on the ſame Baſe, or 
on equal Baſes, and in the ſame Parallels, are equal one to 
the other. For BCDE=ABDE. 


1 c 
E D 

17. Every Polygon, is equal to a Parallelogram, whoſe 
Length is equa! to half the Perimeter or Circumſerence 
thereof, and Breadth to a Perpendicular drawn from 
the Centre. to the middle of any Side of the ſame. 
Euclid 41, 1. 
18. Every Circle is nearly equal to a Paralle'ogram, 


Whoſe Length is equal to half the Circumſerence, and 
Breadth to the Semidiameter. 


19. Every ircle's Sector is nearly equa! to a Paralle- 


logram, whoſe Length is equal to the Semidiameter of the 
N 3 Cucle - 
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Circle, and Breadth to half the Curve or Arch: line thereof. 
Or whoſe Length is equal to half the Semi- diameter, and 
Breadth of the whole Curve or Angle-Line thereof. 

20. If ary Parallelogram of any Dimenſions whatſoever 
have for it's End Unity, if each End be increaſed by 
Unity, that will make the Parallelogram double to what it 
was before. F 

From hence ariſeth the Shepherd's Queſtion : viz. If 
an hundred Hurdles will fold one hundred Sheep, one 
hundred and two Hurdles will fold two hundred Sheep. For 
if the Parallelogram A B CD will hold 100 Sheep, take 
another Hurdle and ſet from C to F, and another from 
D to E, *tis then plain, that AB F E is twice as big as 
AB CD, and conſequently will hold double the Number 
of Sheep. For AB= 49 ＋ EF = 49 =98. BF 2, 
+ AEZ = 4 +98 = 102 Hurdles. | 


nl 1 

5 3 C 

*. wm 5 
49 


IV. Of GEOMETRICAL PROBLEMS. 
PROBLEM I. 


To divide a given Line into two equal Parks. 


ET the Line given be A B, ſet one Foot of the Com- 

4 paſſes in A, and open the other Foot to any Diſtance 
zbove half the Line, and ſweep the Arch C D, with that 
Extent or Opening of the Compaſſes, ſet one Foot at B 
and draw the Arch © D, lay a Ruler to the Interſection 
C D,. and draw the right Line CD E and it will divide 
the given Line A B in E, into two equal Parts. 


PROBLEM 


_— 
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C 


N E B 


x D 
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PROBLEM IL 
To ere a Perpendicular at the middle of a given right 
Line. 

By the laſt Problem find the middle of the Line A B 
at C, ſet one Foot of the Compaſlles at A, and draw the 
Arch D, with the ſame Extent ſet one got in B. and draw 
another Arch at D, where theſe two Arches interieR at D 
lay a Ruler, and draw the Line D C, and 'tis done. 


| 


D 


LEES 


PROBLEM 11. 
To let fall a Perpendicular upon the Middle of a given Line. 


Let the Point above be A, ſet one Foot the Com- 


paſſes in the given Point and open the otter Foot On 
| 5 | raw 
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draw the Arch to cut the given Line in B and C, ſet 
one Foot in B and C ſeverally, and draw the Arches at 
D, lay a Ruler from A to D, and drawA E, which is a 
true Perpendicular to the Line BC; the Angles AE B, 
AE Care each go Degrees. 


©. 


PROBLEM IV. 
To ereft 4 Perpendicular at the End of a given right Line. 


There are ſeveral Ways to do this, but I ſhall content 
my ſelf with one, ind leave the other Methods to be 
practiſed by the judicious Reader. 

Let the given Line be A B, ſet one Foot of your Com- 

fſes at the End of the Line at B, and open the other 
Foot to any convenient Diſtance, and ſweep the Arch 
CD E, ſet one Foot in C and draw B D, carry that ex- 
tent and ſet one Foot in D, and draw EF, with the fame 
extent ſet one Foot in E and draw D F, lay a Ruler 
from F to B and draw F B, which ſha!l be at right Angles 

to A Bas was required, 

See Theorem 2 of the 8. page 134. where this is per- 
formed according to Exc/ia, 


PROBLEM 
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PROBLEM V. 


We have a Problem directing us how to draw Parallel 
Lines, bat fince the Invention of the Parallel Rules, 1 
rather chuſe to adviſe the Nung Practitioner to buy the 
Ruler, and made Uſe of that, before the Problem. 

Allo parallel or centric Circles are eaſily drawn without 
giving any Directions. | 

To find a Geometrical mean Proportion between any 
two given right Lines. 

This we have ſhewn how to do in Numbers when we 
taught the Uſe of the Square Root; it now remains to 
fhew the young Geometrician how to do it by Lines 
which will give him a bright Idea of many uſeful Things 
in Geometry. 

Let the two Lines given be AB = 34, and B C= 16, 
draw an occult Line, and from a Scale of equal Parts take 
34, and Jay it from A to B, from the ſame Scale take 16 
and ſet it from B to C, by which the firſt Problem biſect 
A C, and ſweep the Semi-circle A D C, from B erect the 
Perpendicular B D, which meaſured on the ſame Scale you 
will find to be 23.3, and that is a true geometrical mean 
Proportional between 16 and 34. Draw A D and CD, 
ſo ſhall theAngle A D C (by Theorem 8.) be a right Angle; 
and by Theorem 14 A D will be found 41.21, and CD 
28.26. For as BC 16: BD 23.3 : : BD=23.3 


AB 34 
= PROBLEM 
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PROBLEM VI. 


Te divide a right Line in extream and mean Proportion, 


| Let the given right Line be AB = 54, from a Scale of 
equal Parts, or from the Line of Lines on the Sector, 

(which how to do, we ſhall ſhew when we come to treat 
of the Uſe of that Inſtrument) take half of AB = 27 
and ſet it at right Angles from B to C, ſet one Foot of the 
Compaſſes in C, and draw the Arch B D, joyn A and C, 
then A D= A E meaſured on the ſame Scale will be 
Wund to be 33.5, then A B=54 —AE 33.5 =EB 20.5 

| For asS 10. AE. AE. AB. | 

| 20.5 © 33-5 :* 3343 34 
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PROBLEM VII. 
% 


7e divide a given right Line into any Protortion required. 
Let the given Line be A B = 60, and I would have it 
divided in proportion as 30 to 50? Add 
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Add the two Numbers of your Proportion together, 
viz, 40 + 50= 90, then ſay, as 90 60: 50:: 33.33 
the greater Part of the Line. Then A B 6033.33 = 
26.67. the leſſer Part of the given Line. 


A-— x B 


Or for C B the leſſer Lines you may ſay 


AC en 
As 50: 40:: 33:33 : 25.07. 


But this may be done Geometrically thus, Let D F be 
= Go and be divided in the Proportio of A to B. 

Make the Angle CDF any Quantity at pleaſure, and 
draw DC, ere& the Perpendicular FC, take the Line 
A and ſet from D to E, and B ſet from & to C, draw 
E G parallel to C F, fo ſhall D G and G F meaſured ſe- 
verally on the Line of equal Parts be 33.33 and 20.67, 
and in Proportion as 50 to 40; draw the Line G C, fo 


ſhall the Triangle C D F, be to the Triangle CG F, as 
50 to 40. | 


* 


59 8 


/ 60 hs 
3733 G2 6˙7 


D 


Nete, From hence we learn to divide a Field into twfo 
equal Parts, ſo that each Perſon might have the Benefit o 
the Water (for his Cattle) which was placed on one Side 


thereof. 


Let 


144 Of Geometry. 
Let ACB be the Field, and a Baſon of Water at F 
be required to be ſo divided into two equal Parts that each 
might enjoy an equal Share of the ſaid Water. 
Firſt divide A B into two equal Parts at D, then draw 
F C. and D E parallel thereto, and laſtly draw F E, and 
"tis done. Now the Triangles A C B and FEB are Si- 


milar, therefore AC EFS FE EB. 


0 


C 


—— 


3 5 


PROBLEM VII. 


Two Lines given, to find a Third in Proportion. 
Let the two Lines be AB = 32.5 and A C= 20. 
Make the Angle D A B at pleaſure, and ſet off 20 from 
A to C, and 32.5 from A to B, draw CB, then with 


one Foot of the Compaſſes on A, deſcribe the Arch B D, 


draw D E-parallel to C B, and *tis done ; for then it will 
be, As AC: AB:: AB: AE. 


PROBLEM 
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PROBLEM X. 


To Three given right Lines to finda Fourth, Fifth, Sixth, &C. 
in Proportion. | 


Make the Angle K AL any Quantity at pleaſure ; let 
AB, AC, and AD be given to find others in Propor- 
tion; draw BC and DE parallel to BC. Then, as 
AB:AC::AD: AE. Then from the ſame Scale of 
equal Parts that you laid of AB, ſet off-A F, AH, and 
AK, and draw FG, HI, and KL parallel to B C, and 
you will have theſe Proportions, viz. As AB; AC 
: AF: FG: and to HI and to KL, &.. 
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PROBLEM X. 9 

To m ake a Square equal to a Triangle. 1 

The Side of the Square is a geometrical Mean between i 
the Baſe and half the Perpendicular. | 


40. What's the Side of a 8 equal. 


Example. 
Let the Baſe of a Triangle be 30, and the Perpendicular 755 


Sev 
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See the Work. 
Baſe +- - - 30 
2 Perpendicular 20 


600 (24.49 
— — 


44) 200 
— mP 
AIG 434) 2400 
1936 
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44001 


2399 


* 
' 


Anſwer 24.49. 


PROBLEM XI. 
To reduce an Oblong to a Square. 


rns 


The Side of the ag a is a geometrical Mean between 


the Length and Breadth of the Oblong. 


Example. 


Let the Length of the Oblong be 40, and Breadth 18, 


what's the Side of the Square equal? 


Operation. 
18 
40 


—— 


720 (26.8 


60320 
ROE 8 278 | 
328) 4400 

| 422 

17 


—— * 


PROBLEM 


* 


?K„«õ« 


ud 2 
— P rr 
4 > —_ * : 


Of Geemetry. 147 
PROBLEM XII. 


To reduce a Rbombus to a Square. 


The Side of a Square is a geometrical Mean between 
the Side of the Rhombus and it's Perpendicular. 


Example. 


Firſt, the Angles of the Rhombus are always the ſame, 
Viz. 60, 60, and 120, 120, which all added together, make 
360 ; andif we put 1 for the Side of the Rhombus, the 
Perpendicular will be found to be .866, and the Side of the 
geometrical Square equal is 93. 


PROBLEM XIII. 


7 reduce a Rhomboides to a Square. 


The Side of the Square is a geometrical Mean between 
the longeſt Side and the Perpendicular. 


Example. 


Let the Side of the Rhomboides be 5o, and the Per- 
pendicular 22, What's the Side of the Square equal ? 


Operation, 


22 
0 


1100 (33.16 Side Square equal 


661) 1100 
661 
+ - 6626) 43900 
39750 _ 
4144 
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PROBLEM XIV. 


T. reduce a Trepexium to a Square. 


Square's Side is a geometrical Mean between 
| and half the Sum of the Perpendiculars. 


-*EXAMPLE. 
Let the Diagonal be 65, and the half Sum of the two 


| Perpendiculars 23, what's the Side of the Square equal ? 
Anſwer 37. 14. 


PROBLEM XV. 


: Ever 
the D 


To reduce a Trepe ium to a Triangle. 


Let the Trepezium be A B CD. Draw the Diagona! 


B D, and continue A D to E, draw C E parallel to B D, 
draw B E and 'tis done. 80 that the Triangle EB A 
the Trepezium DC B A. See Theorem 16. 


PROBLEM XVI. 


To reduce an irregular Figure of Five Sides into a Triangle. 


Let ABCDE be an irregular Figure. Firſt, con- 
tinue the Side D C to F and G at pleaſure : Draw A C and 

A D, then drawE F and BG 0 A D and AC. 
— Laſtly, draw AFand AG, fo fa Il the Triangle A F G 


F ure B CD E 
» PROBLEM 


£ 
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PROBLEM XVII. 0 1 


To reduce an irregular Figure of Six or Seven Sides into a 
Triangle. 


Let ABCDEFG be a Plot to be reduced to a Tri- 
angle. 

Firſt, By the laſt Problem reduce the Seven Sides into 
Five, thus; ; 

Draw the Line G E, and parallel thereto F H, then 
draw the Line G H, whereunto the two Lines G F and 
F E are thereby reduced. I hen draw the Line B D, and 
parallel thereunto CI, and BI, now are the two Lines 
BCand C D reduced to a ſtreight Line BI, and the 
whole Plot to a Figure of five Sides. 

Secondly, To reduce this to a Triangle. 

Produce the Side E D to K and L, and draw the Lines 
AI and A H, and parallel to them B K and G L, cutting 
the Line E D, (being extended) in K and L. Laſtly, Draw 
A K and AL, and 'tis done, for I ſay, the Triangle, 
A LK is =o the irregular Figure ABC DEF G. 


O 3 PRO B 


"LE H, 


O 
PROBLEM m.. 8 
To reduce a Pentazon to a Square. 

The Side of every Square is a- geometrical Mean be- p! 
tween half the Perimeter and the Perpendicular. As ſup- 8 
poſe the Side of the Pentagon be 1, the Perpendicular is Ci 
6882, then what's the Side of the Square equal! th 

See the Work, * 
Perpendicular 8 6882 | Ce 


Half Ne Sides = - 25 I — 
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PROBLEM XIX. 


Given, a Square of any Dimenſion whatſoever, to make an- 
ether bigger or leſſer, at pleaſure. a 


In Theorem 15, I have tcld you that the Diagonal of 
one Squa e is the Side of another Square double in Power 
to the ſaid given Square, | 


RULE, 


Multiply the Square of the Side by 2, 3, 4, &. the 

uare Root of the Product will give the Side of a Square 
whoſe Area ſhall be 2, 3, 4 times greater than the given 
Square, ſo that if the Side of one Square be 12, you will 
find the Side of another Square twice as big to be 16.97, and 
thrice as large to be 20.78, and four times as large, the 
Side will be 24. 

If the Side of a Square be given to find theTranſverſe and 
Conjugate Diameters of an EPipfis, that ſhall be equal in 
Area. to that of the Square, - 

Firſt, Find the Diameter of a Circle thus, giz. Multi- 
ply the Side of the Square by 1.128379, or divide it by 
886227 the Product, or Quotient, is the Diameter of a 
Circle equal in Area : Then find the Circumference of it 
thus, Multiply the Diameter always by 3.14159 and the 
Product gives the Circumference, then half Circumference 
multiply'd by half Diameter is the Area or Superficial 
Content equal to that of the given Square: Then becauſe 
every Ellipſis is a geometrical Mean between two Circles, 
deſcribed on the two Diameters of the Ellipfis, thoſe Dia- 
meters may be taken at Pleaſure, and conſequently various 
Ellipſes may be found to anſwer m ſuperficial Content to 
that of the given Square: For the Ellipſis being a Figure 
that flows between the Circle and Parabola. 

But here Note, That 1.129379 is the Diameter of a 
Circle, whoſe Area is equal to the Square, whoſe Side 1s 
Unity or 1. And ,886227 is the Side of a Square equal 
when the Diameter of a Circle is one. And 3.141592 is 
the Circumference of a Circle, when the Diameter is one: 


the Truth, 
* PROBLEM 
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PROBLEM Xx. 


7 lay dewn dn Ellipfis by the Line of Sines on the Sector, 
having given the Tranfeerſe and Conjugate Diameters. 


Take AE = EB in your Compaſſes, and open the 
Sector at 9o, o on the Line of Sines, and as the Sector 
now ſtands, take off the Sines 10, 20, 30, 40, 50, 60, 
70, 80, and ſet them from E each Way towards A and B, 
draw occult Lines through thoſe Points in the tranſverſe 
Diameter parallel to the Conjugate, which done, ſet the 
Sector on the Sines go, go to the Radius CE, and take in 
your Compals the Sine of 80, and ſet from 10 to 80, take 
the Sine 70, and ſet from 70 to 20 on each Side the Con- 
Jugate Diameter, the Sine 60, ſet from 3p to 60, the Sine 
5o ſet from 40 to 50, the Sine 40 ſet from co to 40, the 
the Sine 30 ſet from 60 to 30, the Sine 20 ſet from 70 to 
20, the Sine 10 ſet from 80 to 10, ſo will the Points 
IO, 20, 30, 40, 5O, 60, 70, 80, CB DA be in the 
Ellipſis, which with an even Hand draw the Curve and 
*tis done: Which is truly Mathematical, and has not any 

rt of a Circle in it. ä - | 

Note, The Ellipſis being delineated as above, upon 
Paſtboard and neatly cut out, you may then draw the Ellip- 
ſis by help of that Pattern Paſtboard, with Ink to a great 
Exactneſs, which is always my Method in drawing the 
Azimuths and Meridians in the Orthographick Projection 
of the Sphere, 

Every Ellipſis has two Focus, or Navel Points, in the 
tranſverſe Diameter of the Ellipſis, through which Lines 
drawn at right Angles thereto are called the Latus Refum, 
the Length of which may be found by this Proportion. 

As the Tranſverſe Diameter is to the Conjugate, ſo is 
the Cogiugate Diameter to the Latus Rectum. | 


PROBLEM 


TE 10 270 0470510 


PROBLEM XXI. 
Of Ovali. 
DIFINITION, 


Ovals are ſomething like Ellipſes, of which there are 
divers Sorts, and are all made of Part of Circles, and 
conſequently cannot be Ellipſes, as noted above. 

1. To draw an Oval, by having given the two Diame- 
ters, divide each Diameter inio four equal Parts, and 
through thoſe Parts draw the Lines AB CD, then ſet one 


Foot of the Compaſies in D and extend the other Foot to 


F, and draw the Arch E FG; with this Extent of the 


Compaſles ſet one Foot in B, and draw the Arch HIK; 


ſet one Foot of the Compaſſes in A and C ſeverally, and 
draw the Arch G H and E K, and "is done. 


/ 


A . 
" — * a * 
— 
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2. An Oval may be drawn by help of two Geometric 
Squares A B E F, and B C D E, join the two Sides in B E, 
and draw the Diagonals A E, BF, and BD, C E, on the 
Centre E, with the Diſtance E A draw the Arch A C, on 
the Center B, with the Diſtance B F draw the Arch F D, 
and you will have a neat Oval. | 


3. Several Ovals may be drawn in one Figure parallel to 
each other, by making the Angle CA D = 60 = to the 
Angle C B D, for the four Angular Points A BC D are 
the Center on which four Arches or Part of Circles are 
drawn, which joined together at the Legs or Lines A C, 
AD, BC, B D, being continued, you may draw as 


many Ovals as you pleaſe, as you may the better perceive 


by this Figure, 


4 An 


5 hy AY: AA bord hone woe 2 
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ter of the Oval given) on two Circles. If the Line C D 
be 1, then will A B be 756 thus proved. To avoid 
Fractions, ſuppoſe CD 12, then F I=24D0 = 16. 
FG = 2[]] 4. and ib —4=-=12[]y = 43.46= 
Gl. + GH 3.46 = 6.92 = I H. And H K = 
CE = FD=8$8 - HI=6.92 =108 = AI + 


IH=6.92+ HB 1.08= AB 9.o8. Then te reduce 


them to the Unity, ſay, 


. n 
er ee: 
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4. An Oval may be drawn (by having only one Diame- 


- 
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FIE H is a Rhombus, and the Angles FIE = F HE 
= 60, <H F P=HEI= 1209. H is the Center on 
which, the Arch A K is drawn, and I is the Center on 
which the Arch B is drawn | | 
5. The longer Diameter of an Oval given, to draw it 
on three Circles. To avoid Fractions call the Diameter 
A B 40, thenisEI= 0] = 100+ O EF = 2000 
Y= 14.14 =FI=CE+4FED=CD 28.28. To re- 
" duce which to Unity, fay, 
Aa SD AS CIA 
C 
The Angles H, F, I, G, are all right, as being made in a 
Semicircle. Sec Theorem 7. 


n XXIL —> 
' To draw a Helix, or a Spiral Line with a Pair of Compaſſes 
from two Centers. 


Let two Centers be A and B. through which draw a 
right Line, what Length you pleaſe, ſet one Foot of the 
- Compailes in B, and extend the other to A, and draw the 
firſt little Semicircle; remove that Point of the Compaſſes 
from B to A, and extend the other to join the Semicircle 
uſt now drawn, draw another Semicircle; remove the 


Point of the Com from A again to B, ind earns the 
| | | ; 0 


Awe £5. 5 


—̃ —_— — — - 


other Point to the laſt Semicircle, and there join it, a nd - 15 
draw another Semicircle, do thus as long as you pleaſe, and 11 
vou will have a delightful Spiral Line, rowling in ſeveral " 
Circles, as per Fig. - DS | 
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PROBLEM XXII. 1 


How to flirike an Arch to any Heighth or Breadth. [ 
| ſ 
Let it be required to make an Arch four Foot high, * 
AB, and the width on the Baſe 12 Foot = DE ? | 
Now all the Matter lies to find the Center that will ſweep [ 
this Arch, for our Aſſiſtance herein, we muſt call in Prob. | 
5, by which we find that BE = BD is a geometrical Mean | 
Proportional between AB and the reſt of the Diameter, | 
therefore, divide the Square of BE= 36, by AB = 4, = - 
and the Quotient 9 is the 2 Part of the n 3 \ 


; 


% 
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 AB4 T 9= 13, the whole Diameter of that Circle, 
2 the Arch DAE is a Part of the Circumference. 


For, 

AB D B * B. 
| As 3 6 r dn hs 
Semidiameter A C. 31 is e the Center of the Arch DAE 
which was to be found. 


B 


ic 
PROBLEM XXIII. 


To lay down a Fenior al, alias Curteel Arch, 


There is a Mechanic way to do this which is uſed by 
Artihcers, but it being no ways Geometrical, I ſhall bed 
hint of it and ſo paſs it by. 

Limit the Tranſverſe Semiconjugate Diameter of wha! 
you pleaſe, 

The Baſe or Tranſverſe Diameter they div ide into {even 
equal Parts, and the Semiconjugate into 1 5 (but not of the 
like Parts with the Tranſverſe) then they take 11 of thoſe 
15 and ſet perpendicular to the Tranſverſe at the Divilions 
1 and 6, now have they three Points given to draw the Top 
of the Arch, to which three Points find a Center, and 
that Part is compleated, the Ends of the Arch are drawn at 
theDiſtance of two of the Diviſions of the 'I'raniverie Dia- 


meter. 


PROBLEM 
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LEM BY, GE 


Te draw a Peli coides. * 


DEFINITION. 


A Pelicoide is a Figure, made up, or compoſed of a 
Parallelogram, a Square, a Semi- circle, Quadrants and Tri- 
angles, which how to meaſure will be ſhewn in their pro- 
per Places. And the young Geometer cannot miſs laying 
of it down at the very Sight of the Figure, 


FS E 


PROBLEM XXVI. 
DEFINITION. 


Lunes, or Lunulæ, are three Semi-circles deſcribed on 
the three Sides of a right lin'd right angled Triangle. 

For the Triangle ABC is. right angled for two Rea- 
ſons, firſt becauſe the Angles are made in a Semi- circle, (ſee 
Theorem 7.) and ſecondly, becauſe the Sides are in Pro- 

rtion as 3, 4 and 5. How this Figure is meaſured, will 


ſhewn by and by. | 
P 2 PROBLEM 
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160 


8 | are 
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/ Y 7 © 
P ROB L E M XXVII. 
g To deſcribe a Lune in a Quadrant. ; 
Firſt draw the Triangle DEF, and on the Center E 
deſcribe the Quadrantal Arch D F ; upon the Middle of 
of 2 Hy pothenuſe D F, draw the other Semi · circle and 
*tis done. | 
We ſhall ſhew how to meaſure it in it's proper Place. 
| Fa 


D 

"FG 
, B | 
5 A 


F E 
PROBLEM XXVII. 


A Sphere is % of a Cylinder circumſcribed. 


Let ABCD be a Cylinder, DF Ca Hemiſphere, 

A E B an inverted Cone, to have the ſame Baſe and Alti- 
tude, and to be cut by infinite Planes all parallel to the 
Baſe, G H is one. I {ay the Square G I is every where 
equal to the Square FE (the Radius of the Sphere. ) 
The GIE=Q1IK: and conſequently, ſince * 

2 8 | =» 
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are to one another as the Square of their Radius, Ha — 
Circles I the Hemiſphere will be equal to all thoſE of the 


Cylinger, leſs all thoſe of the Cone, 2 E D. 


F 
PH A F B 
0 Dp 
KI 
GI 2925 * 
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PROBLEM XXIX. 


To Reduce a Circle to a Square. 


This Problem is grounded upon Archimedes's Proportion 
of the Diameter of a Circle to the Circumference' being 
as 7 to 22, this being not perfectly true, (ſee Page 151) 
but the neareſt in whole Numbers, and may ſerve well 
enough our preſent Purpoſe, therefore let the Diameter 
AB, be divided into 14 equal Parts, at 11 of thoſe 
Parts ere@ the Perpendicular C D, and draw AD, ſo is 
AD the fide of the Square nearly equal in Content to 
the given Circle, And then if the Diameter be 14, the 


Side of the Square will be 12.41, as ſhall be ſhewn when 
we come to the Menſuration of Figures. 


P 3 PROBLEM 
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: PROBLEM XXX. 


[To Reduce a Square to a Circle. 


This is grounded upon the above Proportion for the 
Sake of whole Numbers. And here Netz, That when 
the Side of the Square is 11, that then the Diameter of a 
Circle equal is 12.47. f 
Divide the Side of the given Square into-11 equal Parts, 
at 5.5 of thoſe Parts draw the Semi- circle A B C, and at 
8 of the Parts on the Side of the Square erect the Perpen- 
dicular DB, draw A B continued to the Side of the Square 
at E, ſo is A E the Diameter of a Circle equal in Content 
to the given Square, and if the Side be 11, the Diameter 


as 12.41. 


— 


" By theſe two laſt Problems, we have proved the Pro- 
Portion that a Circle hath to a Square, whoſe Diameter and 
vides are equal is as 14:to 14, in round Numbers. 


| Di. Cir. Di. TONE 
- FFV K . 2 14. 
| | | 224 Cir. 
* 196. 741 Diam. 


| Content 154 
Now 
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Now (ay, As 11 to 14, fo is 154 the Content of the 
inſcribed Circle to 195, the Content of the cir- 
cumſcribed Square : Becauſe you ſee the Diameter of the- 
Circle inſcribed in the Square, is equal to the Side of the- 
Square, viz. each 14 as above, both being equal to A C. 


PROBLEM XXXI. 


To Divide a Circle into any Number of equal Parts. 


— — 
„„ c - 2 , 
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1. Draw a Circle of any Radius whatſoever, and draw 
ths Diameter A B, this dividts the Circle into two equal 

arts, X | 

2, Erect the Perpendicular FC, and that ſhall be the 
Side of an Hexagon, or the ſixth Part of the Circle=A D- 

3. Set FC from A to D, and from D to E, draw 
A E, for the Side of an equilateral Triangle. 

4. Draw A C for the Side of the Square inſcribed, 
or the fourth Part of the Circle. 

5. Biſſext F B in G, and draw CG, make GH 
GC, and draw CH for the Side of the Pentagon, or 
fifth Part of the Circle. | | 

6. Joyn E G for the Side of a. Heptagon, or one 
ſevent Part.of the Circle. 

7. Biſſext the Arch AC in IJ, and draw ATI for the 

Side of an Octagon, or an eighth Part of the Circle, 

8. Divide the Arch A DE into three equal Parts in K, 
and draw A K for the ninth Side or Part of the Circle, 

9. The Line HF is the. Side of a Decagon, or a ten. 
fided Figure. 

10. 'The Line F L is the Endecagon, or eleventh fided 
Figure, And by doubling or tripling theſe Lines, the 
Circle may be geometrically divided into more = Parts at. 
Pleaſure. 


A Synopſis of the Scheme. 
AB 
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Part 
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PROBLEM XXXII. 


To drato a Tangent to a given Circ, 


Let the Circle be BA, and C the Center, and the Point 
of Contact A, take the Radius A C in your Compaſſes, 
and ſet one Foot in B, draw the Semi- circle D A C. 

Laſtly, draw D A, and it is a true Tangent to the 
Point of Contact, becauſe the Angle DA C as made in 
a Semi- circle, is a right Angle. 


PROBLEM 


PROBLEM XXXIII. 
To deleniate a Parabola in Plano. 


DEFINITION. 


A Parabola is a conic Section, as mentioned in page 129 
A ſtanding at right Angles with the Baſe CD is called the 
Abſciſa, and a6, e d, ef, #5 ih, o, are Ordinates- 
£ To find the Latur Rectum LM, , 

It will always hold, 


A AB: CZ:: C3: LM. 
„270 37. 37 20.089. 


Note, The Focus through which the Latus Rectum 
muſt paſs, is diſtant from the Vertex A a quarter of the 
Latus Rectum, which in this Example is 5.022, 


To fird the Or di rates. 


R U L E. 


The Rect Angle of the Latus Rectum, and it's inter- 
cepted Axe, is equal to the Square of the Ordinate. 

In the Example above we have put 70 for the Abſciſa 
AB, and 7; for the Baſe CD, from which the Latus 
Rectum LM is found to be 20.089, one 4th of which is 
5 022 = AP, then 70— 5.022 = 649738 = P B, 
 — 7 = 9.282, the Diſtance of each Ordinate. 


Now 
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Now let us find the Ordinate N O, the Work ſtands thus. 
AP =5.022 +Pg = A q=14.304 

| M = 20 089 


128736 
114432 
. 1 
287-353056(16.951 
I 


26) 187 
156 


—— 


329) 3135 
2961 
3385) 17430 
16925 


* 


33901) 50556 
33901 


——— 


16655 
N95 16.195 
X 2 


N O==33.902 
And after this Manner of working the other Ordinate; 
are found, as is here ſet down ; which being laid off at 
right Angles to A B, will give the Points a, c, e, g, i, 


x», L, M, « K, h, f, d. 6, which Points lye in the 
Parabola. | 


A B = 70 
LM = 20.089 
N O = 33.902 
i kt = 43.532 
þ = $51.39 
e = 58.196 
c 2 ber 
a 6 = 09,842 
CD = 55. 5 


&y 
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PROBLEM XXXVI. 


To de ineate an Hyperbola in Plano. 


DEFINITION, 


An Hyperbola is the fifth Section of a Cone cut by a 
Plane parallel to the Axis, and continued *till it meet the 
other fide of the Cone beyond the Vertex, which is here 
repreſented by E. | 

Let AB be 92, EC 104, and DC 63, then if we 
take ſix Ordinates. ga, B, ic, £4, le. J, every one 
will be 9, taking DC = 63, Then if A F be continu'd 


till it meet D E, DE will be 41, for E C 104 DC 63 
=DE 41. Tien to find the Latus Rectum F D, it 
will hold, 8 0 
As EF: G:: ED: DF. 
From which it is plain, that having the Latus Rectum 
and Latus Tranſverſum E D, the Ordinates in any Hyper- 
bola may be drawn. . N 
For as EC XD C: DAC: : EAX DS: 2 2 
t 
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See the Work for the Ordinate g a = 4% 

E C==104 AC = 46 EC 104-Ca g= 
D C= 63 AC= 46 E 2 95 


— — Da 54 
312 276 — 
624 184 380 
6552 e hs. 
31.30 


Now ſay, As 6552 : 2116: : 5130 :1656.76 [],j/= 40.7 
Note, The firſt and ſecond Terms are the ſame 
through all the Work. 
After this Manner were other Ordinates found, and 
their Quantities as is here {et down. 
mu 24.1 
1 0 = 37.0 
# þ = 48.0 
7 = 59-8 
= 70.6 

g F = 81 4 

AB 92. 
Now theſe Ordinates being drawn at right Angles io C13 
will give the Points g, B, i, I, /, m, u, o, p, 4, tr, I, which 
are in the Hyperbola. 
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PROBLEM xxxvn. 
75 delineate a Cyclid, or Trockoid. 

DEFINITION. 


The Curve of this Figure is called by Mathematicians 
a Tranſcendant Curve, or a Line of an infinite Order, 
and may be beſt conceived to be generated by a Nail in a 
Coach Wheel; for in every Revolution of the Wheel, 
this Curve is deſcribed : And the whole Cycloidal Curve 
Line is equal to 4 Diameters of the generating Circle; 
and the Area of the Cycloidal Space is equal to three times 
that Circle. | SES 

Make the Diameter of the Circle A B of what Quantity 
you pleaſe, as ſuppoſe 60; then will the Circumference be 
188.4954 (ſee page 151.) of the ſame Parts; and half the 
Circumference is 94.2477 ; therefore, ſet the Sector to bo 
the Diameter of the Circle on the Line of Lines, (or on 
any Scale of equal Parts) and take off 94.2477, half the 
Circumſerence of tke Circle, and ſet it from B to C and D; 
divide C B into any Number of equal Parts, as ſuppoſe 1 2, 
and alſo the Semi-circle A B into the like Number of 
equal Parts, and thro' thoſe Parts tn the Semi circle dr-w 
Lines parallel to C D, take the Diſtance B E, and ſet from 
7 to 2, BF from 0 tor, BG from tos, BH from 
1m tot, BI from /tov, BK from & to, B L from 
i to to, BM from-tox, BN from g to y, BO from 
F to x, &c. on each Side the Circle, ſo ſhall the Points 
9, r, 3, t, v, u, to, &, 5, Z, be in the Curve of the Cycloid, 


7 A —— —S 
70 Ss | 
SLES 2 — 
wv * Sip HR,» 
Y | — — Ax. 
Z — — — 2. >. oa U— 8 x 
CPUNMULKITHGEER | D 
0 If 
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*Reighth-of Churches, Halls, c. wherein hang Branches, 
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If the Cycloid be inverted, and a Body deſcend frog? 


QR, or 8, by it's own Gravity to A the loweſt Point o. 
the Curve, the Limes of theſe Deſcents ſhall be equal. 


If a Body deſcend from R to 8 in the Curve RT“ 
by it's own Gravity; the Times of it's Deſcent will by 
leſs than if it went in the ſtreight Line Q V S: or lef 
than if it went in any other Line ; therefore this is called 
the Line of ſwifteſt Deſcent, | 

If the Curve CA D were cut into two equal Parts in 
the Line A B, and C BD were turn'd upwards, and a Pen- 
dulum hung at B, of a length of the Arch A C, counted 
from the Point of Suſpenſion to the Center of O/ci//ation : 
I fay that Center of O/cil/ation will deſcribe the Cycloid | 
DAC, and all the Viorations, whether long or ſhort, ſhall 
be performed inthe ſame time; for which Reaſon it is called 
the [fochronal Carve. | 

The firſt that applied Pendulums to a Movement, was 


- the Pitch Man, Mr Chrifopher Hugers, and fince Pen- 
dulums are to each other as the Square of their Vibgations, 


and that a Pendulum vibrating Seconds, (or 60 times in a 
Minute) is, by Experience, found to be of the Length of 
5975 Inches; from hence it is eaſy, according to theſe 

rincipals and Experiments on Pendulums, to eſtimate 
nearly the Depth of a deep Well, by the Fall of a Stone 
from the Mouth into the Water: Or the Diſtance that any 
Ship at Sea, or that any Fort is off, by the Times betrwee!: 
ſecing the Flaſh of the Powder, and hearing the Report o? 


the Gun, or the Diſtance that any Thunder Cloud i; 


off; For Sir //aac Newton found that a Sound moves 968 
Feet in a Second of Time: So that counting the Second, 
(that is, the Swings of the Pendulum, whole Length is 
39.2 Inches) between ſeeing the Flaſh of Lightning and 
hearing the Report, and thoſe multiply'd by 968 the 
Product are Feet, which divide by 5280, the Fect in an 


FHigihb Mile, will produce the Miles that the Cloud, 
Fort, &c. is d iſtant from you. 


Alſo, by the Vibrations of Pendulums, find the Length 
of any String, Chain, Sc. that has a Weight hanging 
to it, without coming to meaſure it ; or without making 


© Uſe of any Quadrant, or ſuch like Inſtrument to take 


Heights, This may be put in Practice in taking the 


or 
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or Braſs Candleſticks, being faſtned to the Roof of the 

Church, or Theatre, for it you hang up a String and 
Plummet of any known Length, (as ſuppoſe 3 Foot) and make 
the Candleſtick and Pendulum begin to ſwing both together, 
(which muſt be done by Help of a Correſpondent 3) The 
Vibrations that the Candleſtic makes, while your Pendu- 
lum makes any competent Number, will eaſily help you to 

the Length of the String, Wire, or Chain that hold the 
Candleſtick, and conſequently the Heighth of the Roof of 
the Church will be known likewiſe. | 


; EXAMPLE. 
Suppoſe in the Quire, or Choir of St PauPs Cathedral, 


London, one of the Candleſticks be made to (wing 1 2 times 
while your Pendulum of a Yard long makes 95 Vibrations, 
and the Candleſtick hang 8 Foot from the Floor, how 
many Feet is it from the Floor to the Roof ? | 


bp 
Operation. 7 / 4— LL 7 
12 96 / | | 
12 55 | F 
—— n — iD 4 
3 1 — 
8 654 , 


144) 9216 (64 — a; 
864 | et 1 


— — * 
1 ö fl 
576 #1 
* q 
Anſwer 64 Yards = 192 Feet. 
I ſhall conclude this Chapter with three Magick 
Squares, 
Q 2 | 3 7+ $5 
— * 
* 
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2 47 5 10 3 
3 4 6 8 
4 3" 8 <£9 2 7 

XC ALY 
V-- 26 27 It 


23 15 16'20 
17 21 22.14 
26 10 9 29 


— 


The Firſt Square makes 15 every way, the Second 
makes 18 every way, and the third makes 74 every way. 
The Method of filling all Sorts of Magical Squares with 
the Magick Cubes, may be ſeen at large in the Memoirs 
of the Royal Academy of Sciences, for 1110, page 124, 
by Monſ. Saurier, in his Conſtruction Generale, des Quarres 
Magigues. | 


CH AP. III. 


Containing the Menſuration of all Manner 
of Super ficies, 


N Page 151 we have ſhewn that if the Diameter of a 
Circle be Unity, or 1, that then the Circumference is 
3.141 592, ſo that if the Diameter of any Circle be multi- 
ply'd by 3.141592, the Product will be the Circumſe- 
rence : Or if the Circumference of any Circle be divided 
by 3.141592 the Quotient will be the Diameter, Now 
it is to be obſerved that the Dimenſions may be taken 
either in Inches, Feet, Yards, Poles, Chains, Cc. and 
that there is often a neceſſity to reduce one Sort of Meaſure 
to another, as when the Dimenſions are taken in Inches, 
the Area in Inches divided by 144, the Square of 12, gives 


F ect, Oc, | 4 
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If the Diameter of a Circle be 1, the Area of that 


Circle will be 785 398 which is called the Area of Unity: 
Tken if Unity be divided by it's Area, the Quotient will 
be 1.273241, ſo that if the Square of the Diameter of 


any Circle be multiply'd by . 785398, or divided by 


1.273241 the Product or Quotient will be the Area of 
that Circle in Square Meaſure. Ste p. 22, 


If 144 be multiply'd by 1.273241, the Product will | 


be 183.3467, the Diviſor in Circular Meaſure : By 

which, if the Square of the Diameter of a Circle be di- 

vided by 183.3467, the Quotient is the Area in Feet. 
The Square Root of 183.3467 is = 13.54, the Guage 


Point on the Sliding Rule, which is alſo the Diameter of 


a Circle, whoſe Content is 144 Inches, and the Circum- 
ference is = 42.5365. The Circle is the moſt Capacious 
Figure of all others, for if the Sides of a Square, Triangle, 


or any other Figure be equal to the Circumference of a + 


Circle, it will not contain ſo much as the Circle doth. 
Suppoſe the Circumference of a Circle be 75.4 it's Area is 
452.4, the Fourth Part of the Circumference is 18,85, 
which ſquared is only 355.3225, that being 97.0775 leſs 
than the Circle. And this is the Ground and Foundation 
of the Error of Meaſuring round Timber, by taking + of 
the Girt for the Side of the Square equal ; which falſe 
way I think ought no longer to have Place, but to be ba- 
niſhed from the Thoughts and Practice of all thinking 
Men, that have any thing to do with Menſurations, See 
my Royal Gauger, p. 61. | 


2. To Meaſure a Square. 
Multiply the Side in itſelf, and the Product is the Super- 


ficial Content in the ſame Meaſure the Dimenſions were 


taken 1n, : wot 
3. To Meaſure an Obling. 


Multiply the Length by the Breadth, the Produ is the 
Area, or Superficial Content. 
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4. To Meafure a Rhambus. 


Multiply the Side the Perpendicular Heighth, the 
Product is the Content, * Ee . * . 


F. To Meaſure a Rhumleides. 


Multiply the Length by the Perpendicular Heighth or 
Breadth, and the Product is the Content. 


6. To Meaſure a plain Triangle. 
Multiply the Baſe, or longeſt Side, by half the Perpen- 


dicular, or the whole Perpendicular by half the Baſe, or 
the whole Baſe by the whole Perpendicular, and halt this 


Product is the Content. 


7. % Meaſure a Treexiun. 


Multiply the Diagonal by half the Sum of the two Per- 
pendiculars & Contra, and the Product is the Superficial 
Content. ; 


$.. 6 Meafere any irregular Figure. 


Reduce the irregular Figure into'! repezia and Triangles, 
and meaſure them as taught in the 6th and 7th hereot. 


9. To Meaſure any regular Polygon 3 as a Pentagon, Hex» 
agon, Heptagon, Octagon, Nonagon, &c. 


Moltiply half the Sum of it's Sides into the Radius ef 
the Circle inſcribed in the Figure, or half that Radius 
into the Sum of the Sides, the Produtt is the Arca ox Su- 
perficial Content. 5 

Nete, The Radius of a Circle inſcribed in any regular 
Polygon is equal to the Perpendicular. of it, let tall from 


the Center to the Side of the Folygon. 


I ſhall here ſubjoin a uicful Table of regular Polygons 


| ſhewing the Angles at the Center, Length ot the Perpendi- 


cular, (or Radius of the Circle inſcribing it) and Arca in 


vare Inches, 
89 1 g N Ames . 
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No Angle I Per- | Area in 
Names. Sides, | ab Center. pendi- Square- 
1 [ cular. | Inches. 
Trigon 3 120 o | .2872 | 4308 
{| Tetragon. 4 90. oo 5661. oooo 
Pentagon 5 7 - CS 6881 1.72 
Hexagon 6 CO oO 866 2.598] 
Heptagon. 7 51 26 | 1.038] 3.633 
Octagon. 8 45 ©o | 1.207 | 4.828 
Enneagon. 9 40 co | 1.374 | 6183 
Decagon 10 36 oo 11.539 7.695 
Endecagon 11 32 44 | 1.702 9.361 
| Dodecagon ww * | 30 oo 11.866 | 11.rg6 


— 


In framing of this Table, the Side of the Polygon is 
ſuppoſed to be 1. And as the Areas of like Figures are as 
the Squares of the Sides that buurd them; therefore the 


Square of any Side multiply'd by the Area of the Polygon 


in the Table, will give the Area of the Polygon required, 
{0 that theſe Areas in the Table are common Multipliers. 


10, To Meaſure a Spheric Triangle. 


From the Sum of the three Angles ſubtract 180, multi- | 
the Superficies of the whole Globe by the Remainder, and 


divide by 720, the Quotient is the Superficial Content. 


11. To Meaſure a Semitircle. 


Multiply + of the whole Circumference of the Circle by 


the Semidiameter, and you have the Area, 
12. To Meaſure a Quadrant. 


Multiply half the Arch of the Quadrant, by the Radius 
of the Circle, and it gives the Content. | 


— 
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To find the Length of an Arch of any Part of a Circle. 


. 


1. Find the Circumference of thè hole Circle to the 
given Radius, as has been taught in p. 151, and alſo find-- 
the Angle at the Center made by the two Loy of the Sector. 
Then ſay, 

If 360 give the whole Circumference in Inches, Sc. 

| what will the Angle at the Center give. Work by a direct 
| Proportion and what comes out is the Length of the Arch 
Line in Inches, &c. or multiply the Chord of half the 
Arch by 8, and from the Product ſubtract the Chord of | 
the whole Segment or Arch, divide the Remainder by 3, 
the Quotient is the whole Length of the Arch Line very - 
near the Truth. © | 


= 3. To Meaſure the Lecter of a Circle. , 


Multiply half the Radius into the Arch, or half the 
Arch into the Radius, gives the Area. 


14. To Meaſure the Segment of a Circle: 


Of the Segment make a Sector, then tis plain; from the 
Area of the Sector, take the Area of the Triangle, and 
. there will remain the Area of the Segment. See Fig. 
page 164. | | 

Or by Ward's New Theorem p. 406, of his Young Ma- 
_ thematician's Guide. 


wil. SS Pa kw A DOA 


» 


is. WARD 4 29 . Z 7 a 
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R = the Radius. | 


Fiz. d = the X between verſed Sine and 
Let Radius. 4 


C = + Chord of Seg. Baſe. 


bd Fo, = 


22RR—1:Rd—-dd _ 
— 8 XR. the Area of 
11 R＋rf 4 


the Segment. 
15.75 t 


— 
— 
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1s. To Meaſure an Ellipfis. 


Multiply. the Tranſverſe by the Conjugate, and that 
Product by the Area of Unity .785398 gives the Area of 
the Ellipſis in ſquare Inches, or according to what your Di- 
menſions were taken in. 


16. To Meaſure a Parabola. 


Nite, Every Parabola is 3 of it's Circumſcribing Paral- 
lelogram. 

Multiply the greateſt Ordinate, or Baſe into the Abſciſſa, 
or Heighth, and that Product by 2 and divide by 3, gives 
the Superficial Content. 


' 17. To Meaſure a Pelicoides. See the Figure in page 159. 


Here you may obſerve that this Figure is a Compli- 
cation of ſeveral Figures, as the Oblong, Square, Qua- 
drant, Semicircle, Triangle, &. which Figures meaſured 
ſeparately, and their Contents added together, gives the 
Content of the Pelicoides. And here for the Informa- 
tion of the Young Student, I ſhall give the Dimenſions of 
ſeveral Parts of it. Thus, Let the 


Side of the Square D E be = 21 

Side of the Oblong F E = 42 
Semidiameter of the Circle = 21 
Chord B C = 29 .698 
Circumference B C D = 5-97 339 
Quadrant A D = 32.986695 
Perpendicular FG = 14.849 


According to theſe Dimenſions the Superficial Content of 
the Parallelogram B DE F is 882 = to the Content of the 
Square ABC D. And the Content of the Semicircle 
BCD = 692.72. | | 


18. To Meaſure a Lune. See the Figure in page 160, 
Firſt find the Area of every one of the Semicircles, and 


the Area of the Triangle B A C, then the Area of the 
1 8 | | Semicir cle 
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2 


Semicircle B A C — Area Triangte B A C = to the two 
Segments in that Semicircle. And the Semicircle AF C 
— the Segment = to the Lune F. Alſo the Semicircle 
BE A that Segment == to, the Lune E. If we put the 
Sides of the 'Triangle 24, 32 and 4o, the Area of that 
A will be 384 = to the Area of the two Lunes E and F. 
And the Area of the Semicircle! B AC = {to the 
other two Semicircles, becauſe they are made upon the three 
Sides of the Triangle AB C = to the Ratio 3, 4, 5, by 
the 47th of the 1| of Euclid. 


19. To Meaſure a Lune in a Quadrant. See the Figure, 
J page 160. 


Firſt, Meaſure the Triangle, and alſo the Quadrant, and 
Laſtly, The Semicircle from the Area of the Quadrant, 
take the Area of the Triangle A, and there remains the 
Area of the Segment B, then from the Area of the Semi- 
circle take the Area of the Segment B, and there remains 
the Area of the Lune C. FE = D E * 

Quadrant 706.858 

Triangle 5 - 449.999 

Segment 25 | 
Area of Semicircle 706.644 
| Segment ſubtract B - 256.859 
Lune C — 149.785 


20. To Meaſure a Cychid, or Trocboid. 


Find the Area of the Circle inſcribed in the Cycloid, 
which multiply by 3, and the Product is the Area of the 


Cycloid, 


— — — — 


* 
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hAPLW. 
To Meaſure all manner of Solids. | 


Sa Superficies has Length and Breadth, ſo has a 
Solid Length, Breadth, and Depth. _ 
A 6 | 3 1. To 


* . 
} = * 
WR, * 1 
. 4 * * * 
* - 
% 


| . 5 Of Geometry, 179 


1. To meaſure a Cube. 


Multiply the-Side into itſelf, and that Produt by the 
Depth, gives the Content. 


2. To meaſure a Parallelegram. 1 


8 


4 
Multiply the Length, Breidth, and Depth, one into 
another, gives the ſolid Content. 


3. To meaſure @ Triangular Priſm. 


Find the Area of the Triangular Baſe, which multi- 
ply by the Length, gives the ſolid Content. 


4. To n aſure a Pyramid. 


If the Baſe,be a Triangle, Square, Pentagon, or any 
other Polygon, find it's Area accordingly, and multiply 
it by 3 of the Heighth gives the ſolid Content. 


5. To meaſure the Fruſtum of a Pyramid, cut parallel to it's 
. Baſe. 


Find the Area of each End, and multiply them to- 
gether, the Squazae Root of the Product is a mean Area, 
which add to the other two Areas, and multiply that Sum, 
by z of the Length gives the Content. 


6. To Meaſure 4 Cone. See the Figure in page 129% 


Find the Area of the Baſe, and Multiply it by 4 of the 
Height gives the Solid Content. 


7. Te Meaſure the Fruſtum of a Cone cut parallel to the 
Baje. 

To three times the Rect- angle of the two Diameters, add 
the Square of their Difference. Multiply that Sum by 4 of 
the Length, gives the Solid Content, Or as mn the Fruſtum 
of the Fyramid. | | 8 

.* 
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8. To find the Diameter in any Part of the Fruftum. 


Say, As the whole Length, is to the whole Difference 
of the two Diameters: So is any Length from the greater End, 
Toa fourth Number; which ſubtract from the Diameter 
at the greater End gives the Diameter ſought. Or you 
may work by the Diſtance from the leſſer End, and add 
what comes out to the Diameter at the lefler End, gives 
the ſame thing. 

Or Thirdly, divide the Difference of the two Diameters 

by the Length, and the Quotient is a common Multiplier; 
by which multiply any Length from either End, the Pro- 
duct added to the leſſer, or ſubtracted from the greater 
Diameter gives the Diameter ſought, 


9. To meaſure a Cylinder. 


Find the Area of the End as a Circle, and multiply it 


by the Length, gives the Solid Content. If the Dimen- 


fion were taken in Inches, divide the ſolid Content in 
Inches by 1728, (the cubic Inches in a Foot) and the Quo- 
tient are Feet. . | 

But more expeditiouſly, divide the Square of the Di- 
ameter by 220015872 (that is 1728 multiplied , by 
1.273241 See page 733) or multiply it by .o0045451 the 


Quotient or Product is the Area in Feet, which multiply 


by the Length in Inches gives the Content in Feet. 
10. To meaſure a Glebe. | 


Here are four ſeveral Ways to do this. 
1. Multiply. the Diameter by the Circumference, give.. 
the ſupgrficialContent, and that by g; of the Globe's Diameter 
gives the Solidity. 

2. Multiply the Cube of the Globe's Diameter by 11, 
and divide by 21, gives the Solidity near the Truth. 

3. Multiply the Cube of the Globe's Diameter by 
523598 _ n the ſolid — of a Globe ,whoſe Di- 
ameter 13 Unity) or it is 4 of the Area of Unity. 785398, 
and the Product is the ſolid Content, Or, Ange 
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4. Divide 
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2. Divide the Cube of the Globe 's Diameter by it“ 
proper Divilors gives the ſoljid Content. 
See my Roral Gauger, page 106. 


10. To meaſure the Segment of a Ghote. 
A Piece being cut off leſs than half the Globe is called 


a Segment. 7 

Multiply the triple Height of the Segment by the Square 
of half the Chord, to which add the Cube ot the verſed 
Sine (or Segment's Height) this Sum multiply by 
523598, and this gives the ſolid Content. 


11. To meaſure a Fru lun of 4 Globe, 


A Fruſtum is more than half the Globe; and it is mea- 
fare] as has been taught in the Segment; the Contents of 
which two being added together will give the Content of 
the Globe of which they are Part. ; 

Note, If the Diameter of a Globe be 1, then the Cir- 
cumference and ſnperficial Content are equal, viz. 3.141592, 
and if the Diameter be 6, then the Solidity and ſuperficial 
Content are equal, viz. 113.097312. 


12. To meaſure a Spheriod. 


Multiply the Square of the Conjugate by the Tranſverſe 
or Length, and that Product by .523598 gives the 
Solidity. | 


14. Ta meaſure a Parabolic Conoid. 


A Parabolic Conoid is equal to 4 of it's circumſcribing 
Cylinder. | 


Multiply the Square of the Diameter of the Baſe by the 


Height, and that Product by. 392598 (that is 3-of .c 2 3) 
and that Produ is the Content, 980 N e 


14. To meaſare a Hyperbolic Conoid, 
A Hyp:rbolic Conoid js 55 of it's circumſcribing Cylin- 


der. Therefore to find a Diviſor for Feet, ſay, as 5 : 12 


* 
* 


or as I: 2.4: : 2200. 158 88203795 


8 
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Mauktiply che Square of the Diameter at the h fe by the | 
Height, and divide by. 5820. 3792 gives the ſolid Content 
cet. 


15. To meaſurg a Parabolic Spindle, 
This is & of it's circumſcribing Cylinder. 
As8: 15 :: 1: 1.875. And, 
As 1: 1.875: : 2200. 15872: 4125-2976. 
Multiply the Square of the conjugate Diameter by the 


3 and divide by 4125. 2976 gives the Content in 
cet. 5 d 


16, I ſhall cone ude this Part with two uſeful and pleaſant 


\. Propoſitions, the one in Statuary , and the other in Staticks; 


that is, 1. how to give the exact Height of a Statue placed 
on a Building, that the fame ſhall appear equal to the com 
mon Height ofa Man ſtanding on the Ground. - 


EXAMPLE, 


Suppoſe ſtanding at A, B C be a Statue 6 Foot high, and 
is to be raiſed to D 200 Foot (more or leſs) high, how big 
＋ I Statue be made, to appear 6 Foot when it is placed 

at . ; | 
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Sofution. — 
| — — A, 
Open the Compaſſes to any convenient Ralius, ſet one 


Foot in A, draw the Arch F I, and draw AC, and A D, 
now here is no more to be done but to make the Angle 
 TAH= Angle GA F, becauſe. all Objects that we ſee, 
appear under a certain Angle, in proportion to the Di 
_ of the Object from the Eye: Therefore take P G and ſet 
from H to 1, and draw AI E ſo will D E appear to an 
Eye at A of the ſame height with BC: Then from the 
lame Scale that BC is 6 Foot, meaſure DE, and what 
| "M55 Ra you 


aw 
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vo ind that height on the Scale, ſo many Feet you 
mut make the Statue to appear 6 Foot when elevated 200 
Feet, & c. above the Level of the Eye. 

2. For a Conclufion of this Chapter, I ſhall here ſhew 
how any quantity of any ſort of Goods under 121 Pounds 
may be Weigh'd with 5 Weights only: The Weights are 
theſe 1, 3, 9, 27, 81, being in a geometrical Pro- 
© \ VR 

The following table ſhews at firſt Sight how to uſe the 
Weights,. ſo as to weigh any Number of Pounds under 
121. The Table has nine Columns, the firſt, fourth and 
ſeventh Columns under N, contains the Number of Pounds 
of any Commodity to be weighed ; the Column A, con- 
tains the Weights to be put into the Weighing Scale; the 
Column B, contains the Wejghts to be put into the Scale 
where the Goods are to be weighed, and 7 this means 
of changing and placing the Weights as the Table directs, 
| you may always have an Equilibrium, or the true 

Weight of the Commodity you intend to weigh. 


EXAMPLE, 


Suppoſe I would Way 58 Pounds? 

Look into the Table'under N for 58, and right againſt 
it in the Column A you will find the Weights 81, 3, 15 
which together make 85; right againſt theſe in the Column 
B is the Weight 27, which you are to place in the other 
Scale. Now 85-—-27=58, ſo that if in the Scale B to 

the Weight 27, you put any Commodity till there be an 
Equilibrium, you wil truly weigh 58 Pounds. | 

Secondly, If you would weigh 100 Pound, you mult 
have 81, 27, 1'= 109, and in the other Scale, for 
109-9 = loo, Cc. N 
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The Weighing Table. 
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81.9. 1 
31.9 
81.9 
81.9.1 


- „* 
4 2 : * 


* 


* 


CHAP v. 
Of the SECTOR. 


+ 3 H E Sector being an Inftrument of ſuch univerſal 
Uſe, that to paſs it by with Silence were a 


Crime too great to be pardoned : Many learned Men have 
> wrote upon the Uſe of the Sector, as Ganter, Forſter, 


Stone, Cunn, &c. to which I refer the inquiſitive Reader 
for general Satisfaction, and ſha'l content myſelf only to 
ſhew- the Uſe of ſuch Lines as are now put upon the 
SeQor, in laying down or meaſuring Angles, in Multjply- 
ing and Dividing, and making Proportions. ” 

Upon one Face of the Sector, there is generally a Lire 
of Chords to 60 iſſuing from the Center to the End of 


each Leg, with a Line of 10 equal Parts decimally di- 


vided, iſſuing from the Center, and extends itſelf, to the 
End of each Leg; by which Means this Line is divided 
into 100 equal Parts, and Numbered with 1, 2, 3, 4, 
c. to io, and marked at the End with Lin for Line, 


ſo *tis known by the Name of the Line of Lines. 


Between the Line of Chords and the Line of Lines, 
is placed a ſmall Line of Secants, beginning at two braſs 
Centers at (or near) 25 of the Line of Lines and ending 
near the Ends of the Sector, where is wrote Se. ſignify- 


. Ing Secant. There is alſo a Line of Latitudes anſwer- 


ing a Line of Chords of the ſame Radius upon the 
Foot Sector, with a line of Regular Polygons, and 
ſometimes a Meridian Line ſor projecting Mercators 


Chart. 


On the other Face of the Sector, is a Line of Sines 
iſſuing from the Center upon each Leg, numbered with 
10, 20, 30, Oc. to go at the End of the Sector alſo 


2 Line of Tangents to 45%, Numbered with 10, 20, 30, 


40, 45 at the End. 1 Wei a . 
Between the Lines of Sines and Tangents, on each Leg 


* a ſmall Line of Tangents beginning with two braſs 


Cent ers, 


: 
* 
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- Centers, and N. with 45, 50, 60, 70, near the 
End. marked with Tar. Fl T N | 


angents. 
On this Face is alſo a Line of Inclination, fitted to a 


Scale of fix Hours, theſe with the Chords and Line of 


Latitude on the other Face, are uſeful in Dialling ; how 
theſe Lines are made, with their Uſe, I have fully explain'd 
in my Mechanic Dialling, Which See. 4 
There is likewiſe a Line of Numbers, commonly called 
Gunter's Line, with the artificial Sines and Tangent, (for 
the firſt mentioned Lines, are natural Sines and Tangents) 


with a Line of Inch Meaſure, or a Foot divided into 12 


; — 
——— EE” a RR — * 


equal Parts decimally divided; how the Line of Num- 
bers is made, ſee my Royal Gauger, where you will meet 
with ample Satisfaction. 


Cc 


The Figure of the Sector is well repreſented by the Iſo- 


ſceles Triangle A, B C. Here the Point A is the Joynt 
or Center of the Sector to which all the ſectoral Lines are 
drawn, and they are of an equal Length as A B, A C, 
and thoſe that bear the ſame Name, are equal and alike di- 


vided and numbered. And therefore in a!] the Operations 


wrovght by the ſectoral Lines, the Points B C, DE, 
F G, H I, repreſenting the fame Liviſions, are equally 


. diſtant from the Center A, the ſame is true of any other 
two Points in the ſectoral Lines A By A C, Cc when ay 


| : l 
— — 
» 2 . * :  _— 7 
* . * 1 . 
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be equal Parts, Chord, Sines, ' Tangents or Secant? - 
And therefore as AC:CB::AE:ED, and as AE 
to E D: ſo is AG to G E and fois AI to IH. &. 
See Prob. IX. page 145 Enclid 2, and 4 of the VIth Book» 

Note, The Lengths AB, AC, AD, AE, AF, 
AG, AI, are called Laterals, or. Crurals, becauſe 
they lye or are meaſured in the Legs of the Sector, 

And the Lines BC, DE, FG, HI, are called Paral- 
lels ; becauſe all the Proportions wrought by the Sectorals, 
the two Extreams between the Legs, will be two ſuch 
Parallel Lines. | | 
If AC on the Line of Lines meaſure 60 equal Parts, 
and ſo AB likewiſe; then is A C and A B ſaid to be 6o 
Crural Parts, and BC 45 parallel Parts: And fo of the 
Sines, Tangents, and Secants. 

Here is one Thing more to be obſerved before we come 
to the Uſe of the Lines, and that is, ſometimes a Num- 
ber falls fo near the Center of the Sector, that it cannot 
well. be taken off, or meaſured ; to remedy this, multi- 
ply it by any convenient Number at Pleafure, and take 
that Product inſtead of the Number itſelf, 

As ſuppoſe B C were 5 = Parts. now that, with other 
in proportion, are to be laid down by the Sector, if I 
take BC in my Compaſles and apply it parallel to 5, 5 
on the Line of Lines, it will be too long for the Sector, 
therefore 1 multiply it by 12 (or any other Number) 
and the Product is 60, then take the Line B C and ap- 
ply it parallel to 60, 60. and now all other Lines depend- 


ing will be in a juſt Proportion, the ſame as if I had laid 


down the Number 5. | 
Again, Suppoſe I have a Line whoſe Length exceeds 
100, or the whole length of the Line; to remedy this 
Inconveniency, Divide your given Line by 2, 3, 4. lor 
any other convenient Number at pleaſure) and apply the 
Quotient of the given Line, inſtead of the Line itſelf, 
and by this Means you will __ the Line upon the Sec- 
tor, which otherways it would not. Suppoſe 1 have a 
Line of 118˙ 120“ to lay down by the Sector, I divide 
it by 2, and it gives 596“, then take half of the given 
Line, and apply it Parallel to 59 6“, ad now the 


* 
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Sector ſtands true all one as if I had had a Line of 118'12!! 


equal Parts, your own Reaſon wich a little Practice will 


ſoon make Maſter. 
2. The Uſe of the Sector. 


1. To open the Sector that the Line of Lines may ſtand 
to a Right, or to an Angle of go Degrees. Take the Whole 
Lateral Length of the Line of Lines 10, in your Com- 
\ 2g and ſet one Foot in 6 and the other in 8, in the 

ine of Lines, and then they will be opened to a right 
Angle, becauſe (1.8 + U 6 = 100. = (1 10. by 47 of 
the 1ſt of Eaclid, for naw you have a right angled Tri- 
angle of 6, 8, and 10 Sides = 3, 4, 5. See page 137. 


. The Line of Lines may be opened to a right Angle, 


if the Lateral Sine of 90? be apply'd over parallel, be- 
tween 45 and 45 on the Sines, or if the Lateral Sine of 45 
be apply'd parallel over the Sine 30, 30. 

3 The Line of Chords may be opened to any particu- 
lar Angle, by taking out the Lateral Chord of the Angle 
required, and applying it over the Parallel of 60, 60, and 
then thoſe Lines will ſtand open at the Angle required. 


"EXAMPLE, 8 


Suppoſe I would open the Line of Chords to an Angle 


of 30? ? | | 
Take the Lateral Chord of 3o, and apply it parallel over 

60, 60, and then the Line of Chords do ſtand open at an 

Angle of zo Degrees. P 

2 If che Sector be opened to any Angle at venture, to 


the Quantity of the Angle the Lines of Chords then 
make. 


This is but the Converſe of the laſt, for take the parallel 
Chord of (o, and Meaſure it on the Lateral Chord, and 
that gives you the Angle ſought. Obſerve the ſame of the 


Line of Sines, by confidering that the Sine is half the 


Chord of the double Arch See the Figure, page 126, where 
A G is the Chord of the Arch A 1 G, and AH= H G., 
it's half, being the Sine of the Arch I G. 

Suppoſe it were required to open the Sector in the Line 
of Sines to an Angle of 409? 3233 


- 
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Take out the Lateral Chord of 40, and apply it parallel 
over 60, 60, ſo ſhall the Line of Sines be opened to an 
Angle of 40 Degrees. | 

Or if the Semiradius, as the Sector now ſtands to an 
Angle of 40, (that is, divide the Lateral Chord of the 
—.— Angle into two equal Parts) be 22 over, _ 

lel between 30, zo, on the Sines, ic will open the Lin 
of Sines to the given Angle. Thus. In the laſt Example 
where it was required to open the Lines of Sines to an 
Angle of 40, divide the Lateral Chord of 40 into two 
equal Parts, and, lay that Eztent parallel over 30, 30, on 
the Sines, and then will the Lines of Sines be opened to an 
Angle of 40. | | . 
* - - Note, It is one Thing to open the Edge of the Sector to 
an Angle, and another thing to open the Lines on the 
Sector to the ſame Angle: For n_ the Sector is cloſe 
mut, the Edges of it make no Angle, but the Lines of 
ines, Sines, Tangents, and Secannts, make an Angle of 
. about 6 Degrees. 
5. If you would examine the Lines of Cherds, Sines, 
Tangents and Secants, whether they be truly made, pro- 
— them from a Circle of the ſame Radius. See Di- 
, Jnitions. ; | 

Open the Sectoral Lines (Sines) not the Legs of the Sector. 
and take the Sine 10, 10 in your Compaſſes on each Leg 
in a ſtraight Line, carry this Extent to the Line of Chord, 

ſet one Foot in the Center, and the other Foot will exactly 
reach to the Chord "209 ; becauſe every Sine is half the 
Chard of the double Arch. as has been noted above; the 
fame obſerve of any other Degree. ; 

6. To lay down an Angle of any Quantity of Degrees. 
This may be perform'd, either = Line of Chords, 
Sines, Tangents, or Secants, due Regard being had to 
each particular Line. g | 

1. By the Chords, in the annexed Figure, take the 
Radius CB in your Compaſſes, and therewith ſweep the 
Circle KI B L, make this Radius a Parallel of 60 on the 
Sectoral Chords, then take the parallel Chord of 45 from 
the Sector and ſet it from B to E, and draw CE A, and 

BA, fo ſhall th: Angle A CB be = 459, of which BE 
is the Chord B A is the Tangent, GE the Sine, and 
CA the Secant of the Arch BE, which 1 ö 
8 4 - | + Sle o "4 
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Angle AC B. Again take the Radius of the Circle C By 
and make it a parallel Radius upon the Sectoral Chord 60, 


60, alſo draw B F, and CF D, fo ſhall the Angle D CB, 


be 60 Degrees, which is meaſur'd by the Arch B E F, of 
which B F is the Chord, B D the Tangent, F H the Sine, 
C D the Secant, and II B che Verſed Sine of Arch BE F,. 
or Angle DC B. 2. And no as the Sector ſtands opened to 
the Radius CB, take the Tangent B A in your Compaſſes, 
and apply it parallel on the Sectoral Tangent, and you will 


find it juſt reach to 45%. 3. Take the Sine E G in your 


Compaſſes and apply it parallel on the Sectoral Sines, and 
you will find it reach juſt to 48. The Chord B E will be 


a Parallel of 45 on the Sectoral Chords. 4. But for the 


Secant C A, uſe it is part of the Radius CE, the Se- 
ctor muſt always be opened to two Braſs Centers which 
lye near the Joint of the Sector, and that made equal to 
the Radius of the Circle, and then you will find C A taken 
and made a Parallel on the Sectoral Secants to be 45®. And 


thus you will find all the Parts of the Triangle DCB 


meaſured on their reſpective Lines as above directed to be 
60? = to the Angle DC B. So that you ſee the Mea- 


ſuring an Angle is only the Converſe of laying down an 


Angle, as has been'ſhewn in both. | 
And here you are to Note, That the Radius, or Sine of 


90 = CT is always equal to the Chord of 60 = B F, and 


== Tangent 45 B A. That is, the Sine of go, the Chord 


of 60,” and Tangent of 45 are always equal in the ſame 


Circle as above hat been proved. And that the Radius is 
a Mean Proportional between the Tangent of an Archy 
and the Tangent Complement of the ſame Arch: As ſup- 
pate in Fig. 4, page 142, you make AB— BD rhe 
Tangent of the Arch BE F in this Figure above, and 


BC 10 the Tangent Complement of the ſame Arch, 


then will the Geometrical Mean B D in Fig. 1, page 142, 


be = CI the Radius of this Circle, and ſo of = 


. * 


/ 
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A Synep/is of the Scheme above. 


a BF . Chord. 
F-H-C Sine. 
--of the Arch B EF I D Sisthe \ Tangent. 
. CD Secant. 
* HB Verſed Sine. 
1 Wa IFJ ' . C Chord. 
- N F Sine. 
1 0 the Arch IF IO Sis the Tangent. 
3 SO FSecant.... 
7 . \ I'N Verſed Sine, 


* Difircac between Radius and Co- Sine. 


% 
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7. To multiply on the Sector. 
De RULE en the Line of Lines. 


As 1 is to either Factor laterally, and ſet to 10, 10 pa- | 
rallel, So is the other Factor taken off parallel with your 
Compaſſes, To the Product laterally, 


EXAMPLE, 
What is the Product of 4 by 7? 
, — : 
Operation. 


Take 7 in your Compaſſes from the Center of the Sector 
laterally, and lay it parallel over 10, 10, as the Sector now 
ſtands, take off 4, 4, parallel, and carry this Extent of the 
Compaſſes lateral „ and the other Point will reach to 28s 
the Product ſought. | 

Or take off 4 laterally, and lay it parallel on 10, 10, 
then take off 7 parallel, and apply it laterally, will give 
28 as before, This being ſo plain, more Examples are 
needleſs, | > 


8. To divide on the Sector. 
RULE on the Line of Lines. 


As the Dividend laterally, Is to the Diviſor parallel, So 
is the Parallel 10, 10, To the Quotient. | | 


| EXAMPLE. 
What's the Quotient of 28 divided by 4 ? 


Operation. 


Take 28 the Dividend off laterally in your Compaſſes 
from the Center of the Sector, and apply it parallel to the 
Diviſor 4, 4, then take off o, 10 parallel, and it will 
reach from the Center of the Sector laterally to 7, the Quo- 
tient ſought. | 8 f 

| 8 Met, 


— i — 


rr * 


194 Of be SECTOR. 


Note, If the lateral Diſtance be too long for the open- 
ing of the Sector, then take one Half, one Fourth, c. or 
multiply them by 2, 3, 4, Cc. of it at Pleaſure, then 


Work as above. Suppoſe I would divide 120 by 4? Now 


120 falls ſo near the Center of the Sector, the Diviſions are 
ſcarce perceptable, therefore to have the Number to fall 
upon the Line, I multiply both Dividend and Diviſor by 2, 
and then they are 240 and 8, with theſe Work as above is 
taught, and the Quotient will be 3o, the ſame as if you 
had divided 120 by 4, | 


9. The Sing/e Rule of Three on the Sector. 
RULE on tbe Line of Lines. 
Firſt obſerve, that the Queſtion muſt be Stated as has 
been taught in Chap, 14 34. Then, 
As the lateral Middle Term, Is to the Parallel firſt Term, 
So is the Parallel third Term, To the lateral fourth Term. 
EXAMPLE, 


Suppoſe 7 Yards of Cloth coſt 225. what will 35 Yards 
colt at that Rate? 


Operation. 
Take 22 laterally and lay it parallel over 7, 7, then take 


the Parallel 35 and apply it laterally will give 110 s. and fo 


much doth the 35 Yards come to at the given Price. 
Theſe Things I mention more for Curioſity than Uſe, 
which is only to ſhew what may be done by this uſeful In- 
ſtrument; but thoſe that are curious in Proportions, I re- 
fer them to my Royal Gauger for the Ule of the Sliding 
Rule. N . 
Here is yet one Beauty of this Line of Lines, viz. that 
it is a Scale of equal Parts of all Lengths ; and is therefore 


preferable to any Scale where the Diviſions are only one 
Particular Lengch. : | | 


EXAMPLE, 


6 —— 
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EXAMPLE, 


Suppoſe I would form a Scale of 1 Foot 6 Inches, that 
_ repreſent 124.28 Yards. 
ere I cannot open the Sector wide enough to receive 17; 
Foot; therefore I multiply both by any Number, ſuppoſe 4, 
and there will be produced 6 Feet and 497.12 Yards, then 
I divide all by 6, and I have 1 Foot and 82.85 Yards 3 
therefore opening the Sector till one Foot reaches from 82.85 
to 82.85 parallel on the other Leg, it will be a Scale of 
100 Vards of the Bigneſs required. The Lines of Polygons 
are very near the inner Edge of the Sector, at the End 
ſtand the Figure 6, and the other ſmall punch'd Holes in it 
are number'd with7, 8, 9, 10, 11, 12 towards the Centes, | 


To inſeribe a regular Polygon of any Number of Sides in the 
| given Circle. 


Open the Sector to the Radius of the given Circle, and 
as the Sector now ſtands take the Side of the given Poly- 
gon, Viz. if 'tis a Pentagon take 5 off parallel, if a Hexa- 
gon take 6, if a Heptagon take 7, c. and lay that Ex- 
tent of your S upon the given Circle, and it will 
inſcribe your Polygon required. In page 175, I have given a 
Table of regular Polygons, with the Quantity of the Angle 
at the Center of each; by which you may lay down any 
of them, for there be ſome Sectors that have not the 
Polygons on them; therefore, as before, ſet the Sectoral 
Chord of 60 to the Radius of the given, in which you 
would inſcribe the Polygon, and with your Compaſſes take 
off the parallel Chord of the - Angle at the Center of the 
given Polygon, (as in the Table, page 175) and tis done. 

In page 142 we have promiſed to ſhew how that Figure 
is laid down by the Sector, which is thus; take the given 
Line AB = 54 in your Compaſſes and lay it off parallel 
to 54, 54 on the Line of Lines on the Sector, then take 
the Line A E in your Compaſles, and apply it parallel on 
the Line of Lines on the Sector, and you will find it to be 
33-5, and E B you will find by the ſame way of work- 
ing to be 20.5, Afﬀter this Manner are the Lines in any _ 
* we either meaſured or laid down. As for the other 

oral Lines, their Uſe ſhall be ſhewn in the-next Chapter 
we come to treat of - rigonometry, 
. 2 
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CHAP. vl. 
/ Plain 7 rigonometry. 
DEFINITION. 


RIGONOMETRY is the Art of Meaſuring 
Triavg)es, or of calculating the Sides or finding the 
Angles of any Triangle ſought ; and this is either Plain, 
or Spherical: of which I ſhall ſpeak dictinctly; and firſt 
of the Plain, | 
The Art of Trigonometry doth much depend on the 
Knowledge of the Lines in the Figure page 192, which 
the Learner muſt carefully obſerve to underſtand well, and 
then he may proceed. | 
Firſt then, in that Figure page 192, it is plain, that as the 
Co-Sine is to the Sine, ſo is Radius to the Tangent, That 
is, As NF: HF::CB: BD. | 
28. As Radius is to the Sine, fo is the Secant to the Tan- 
gent. That, CF;:FH:*CD:BD. - 

3. As the Sine is to Radius, fo is Radius to the C 
Secant. That is, As FH: FC:: FC: CO. 5 
4. As the Tangent is to Radius, ſo is Radius to 
the Co-Tangent. That is, As B D: C B:: CB. IOO «rt 
Therefore the Rectangle between the Tangent and Co- 
8 of any Arch is equal to the Square of the Ra- 

us. | 
5.. Every Triangle hath ſix Parts, of which three are 
Sides, and three Angles ; and of theſe if we have three 
given we can find the reſt, (except in the Caſe where the 
three Angles of a plain Triangle are only given.) For from 
thence the Sides cannot be found becauſe two Triangles 
may be equi-anglar, and yet have the Sides by no means of 
the 1 We can find the reſt, I ſay, if W * 
8 N 8 
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ſing the Radius divided into any Number of _ Parts, 


we can but diſcover how many ſuch Parts, any Sine, Tan- 
gent, or Secant of any Arch or Angle doth contain. 
Now this is readily done to our Hands, in the Tables of 
Sines, Tangents, and Secants, which we have with prodi- 
gious Induſtry, in Books, (of which Hertoin's is the beſt): 
ready calculated (to our Hands) for this Purpoſe. 

6. When therefore any Triangle is given to be reſolved,. 
the firſt Thing we have to do, is to conſider that there is 
in the Table of Logarithms, Sines, Tangents, and Secants, 
a Triangle exactly Similar, and equal to that we are re- 
quired to ſolve, and whoſe Sides are to one another in the 
very ſame Proportion of thoſe of the Triangles propoſed. 

7. We muit underſtand whatever Ratio one Side of the 
Triangle given, hath to the other Side about the ſame: 
Angle, conſidered as Lengths eſtimated or number'd by 
any known Meaſure, as ſuppoſe Inches, Yards, Miles, 
Leagues, Cc. the very ſame hath the two Sides about the 
ſame Angle in the Triangles in the Tables of Logarithms, 
c. which two Things well underſtood, do lead us into 
the Whole Myſtery of 'Trigonometrical Calculation. 

8. There is one general Axiom which ſolves all the Caſes 
in plain Trigonometry, which is this. TY 
n a right-angled plain Triangle, if any of the Sides 
be put, or ſuppoſed the Radius, Whole Sine or Semi-- 
diameter of a Circle, then the other two ſhall be as Sines, 
Tangents, or Secants, as by them repreſented, 
And the fame Proportion that the Side put for Radius, 
has to Radius, the ſame hath the other Sides to the Sine 
Tangent, or Secant, by them repreſented. 
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1. If Hypotheneuſe be made the Radius of a Circle, 
every Side is proportionable to the Sine of it's oppoſite 


Fig.z 4 


Angle. For ſetting one Poot of the Compaſſes in A, 
extend the other to C, and draw the Arch C D, (which: 
Jou may ſuppoſe to be a perfect Circle of which 
AC ist e Semidiameter, or Radius). Now *tis plain from 
tho Figure page 192, that C B, the Baſe, is the Sine of the 
rch. CD, and the Arch C D meaſures the Angle C AB, 
conſequently the Baſe C B is the Sine of the Angle at A. 
Again, make C the Center of a Circle, and with the Ra- 
dius. C A draw the Arch AE, here the Arch A E mea- 
ſures the Angle A C B, and becauſe AB is the Sine of 
the Arch A E, therefore A B the Catbetus, or Perpendi- 
cular is alſo the Sine of the Angle at the Bale, viz, 
Angle C. | 
For hence it is evident that every Side is the Sine of it's 
te Angle, and ſo will always hold, as Radius or 


Sine of the Angle B is to A C, the Side made Radius, ſo is 


the Sine of the Angle A to C B the Baſe, and ſo is the 


Sine of the Angle C to AB the Perpendicular, & Contra. 


Secondly, Set one Foot of your Compaſſes in A, and 
extend the other to B, now is A B made Radius, or Semi- 
diameter of a Circle, with which draw the Arch B D, 


Which is ſufficient for our preſent Purpoſe, as well as if 


we had drawn the Whole Circle; now the Arch B D mea- 


ſures the Angle at A, and 'tis plain C B is the Tangent, 
7 — Y 
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*f the Arch D B, therefore C B is alſo the Tangent of the 
Angle at A, and CA is the Secant of the ſame Angle, 
now it will hold as Radius, or Sine of 90 is to AB (which 
is now made Radius) ſo is the Tangent of d Anh A to 
CB, and ſo is the Secant of the Angle A to CA. Or as 
A B is to Radius, fo is CB to the Tangent of the Angle 
A, and ſo is C A to the Secant of the Angle A. 


Thirdly, Set one Foot of the Compaſſes in C, and extend 
the other to B, and with that Extent draw a Circle, or the 
Arch DB will do, now the Arch B D meaſures the 
Angle at C, and B A is the Tangent of the ſame Arch, 
conſequently B A is the Tangent of the Angle C. Now 
it will hold, As Radius, Sine of go, is to CB (now Ra- 
dius) ſo is the Tangent of the Angle C to the Perpendicu- 
lar B A; and fo is the Secant of the Angle C to the Hy- 
pothenuſe CA. Or as the Baſe C B is to Radius, ſo is the 
Perpendicular B A to the Tangent of the Angle at the 

ſe, viz. the Angle ACB. . 
 _ Note, When we expreſs an Angle by three Letters, the 

middle Letter always denotes the Angle. 


And 


And as in the Rule of three in common Numbers, ſo 
Here you muſt obſerve that the Firſt and Third Terms be 
Things of one Name, and likewiſe the Second and Fourth 
Terms muſt be of one Name; that is, if the Firſt be a 
Side, the Third Term muſt be a Side, and the Second 
and Fourth 'Terms will be Angles ; but if the Firſt Term 
be an Angle, the Second and Fourth will be Sides : 
And when you ſeek an Angle begin with a Side, but 
when you ſeek a Side begin with an Angle. For the Sum 
of the Logarithms of the Second and "Third Terms, take 
the Logarithm of the Firſt Term, and the Remainder is 
the Logarithm of the Fourth Term, or Anſwer. But 
when Radius comes not in the Proportion, (as it will not 
in oblique Triangles) take Complement Arithmetical of 
the Logarithm of the Firſt Term, and add them all into 
one Sum (always rejecting Radius) gives the Logarithm 
of the Fourth Term, or Anſwer. 'The Complement 
Arithmetical is found by ſubtracting cach Figure of the 

arithm ſeverally from 9, but the Unites Place from 10, 
and the Remainder is the Complement Arithmetical of the- 
Lgarithm fought. 7 | 


EXAMPLE. 
5855 What'sComplementArithmetical of che Sine of 20 201? 


See 
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See the Work. 


From. - - <- - = _.99999990 
Take the Logar. Sine of 20® 20' - 45444 $51 
Co. Arith, of = 20? zo! 0.4590686 * 


What's the Co. Arich. of the Logarithm of 60? 


WW — , -9.3999990 
Take the Logarithm of bo = 1.7781512 


— ——— ——— 


Co. Arith. of the Logarithm 6 is == 8.221488 


Note, The Complement Arithmetical of a Tangent, or 
Tangent Complement, is the Tangent Complement of 
that Tangent, or the Tangent of that 1 angent Comple- 
ment. ' | h f 


E XAMPP I. E. 


What's the Com. Arit. of the Logarithmetical Tangent 
of 20“ 201? 


See the Work. 


Logarithmetical Tangent 20? 20/ is == 9. 5688735 

Tangent Compl. or Co. Arith. == 10.4311265 

And Co Ar. of the Tangent of 69 401 = 9. 5688735 
The like obſerve of any other. 

If you work with Tables wherein there is no Logarith- 
metical Secants, that defect may readily be ſupplied by ſub- 
tracting the Co- Sine out of the double of the Radius, the 
Remainder is the Secant of that Arch, or Angle, whoſe 
Co-Sine you made Uſe of in the Work. 


EXAMPLE. 
What's the Logarithmetical Secant of 20® 20“: 


Operation. 
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| © _ Opergtion, 
Double of the Radius= 20.0000000 
Co-fine of 200 20 = g.g720579 
py Secant of 20 20 = 10.9279421 k 


| ae * 

By what goeth before, it appears that the Secant and 
Co-Sine of any Arch, are the Complement one of the 
other to the double Radius of artificial Numbers, ſo that 
if one be given, the other is alſo known. | 

The verſed Sine may be found by adding .3010300 
unto the double of the Sine of half the Arch, and reject- 
ing Radius, gives the verſed Sine ſought. 


EXAMPLE. 
What's the verſed Sine of 20® 20? 
Firſt, ſet down” - «< <= , 3010300 
, | Half of 20 zo' = 10 10'it's Sine 9.2467746 
The {ame again 9.246774 


The verſed Sine of 20 2 8.7945792 
To find the Logarithm of any Number under 101000. 


_ The largeſt and beſt Tables of Logarithms now in be- 
Ing, are thoſe known by the Name of Sbertoin's Tables; 
which 1 adviſe all Students in the Mathematics to make 
uſe of, as being the largeſt and moſt correct. 

Firſt then, It is to be obſerved, that the Characteriſtic 
or Index is always leſs by one than the Number of Places of 
the abſolute Number, and that all Numbers with their 
Logarithms under 1000 are found in each Column anſwer- 


ing each Number, and ſo you will find the Logarithm * 
15 _ (0.0000000- | 1 
2 0. 3010300 | e 7 
* 3 750 be 0. 4771212 | 
4 0. 6020600 
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oe . C 1.0000000 
20 1.3010300 
And of- 30 to be ap dang 

| 40 1. 6020600 


Here you ſee that the Logarithm of 1 and of 10 is the 
ſame, only changing the Index as was noted above. 


To find the Logarithm of any Number, from 1000, ts 


IQ10OO, 


If your given Number has only four Places, the Loga- 
rithms is in the next Column under o, by placing it's 
proper Index 3. If the Number has five Places, as ſu 
poſe 11814, find 1181 in the firſt Column, and 4 at the 
Top ; and in the common Angle is .0723970, to which 
prefix it's Index 4, and the Logarithm of 11814 will he 

.0723970 ; after this Manner may the Logarithm of a 


ecimal or mixt Number be found, as is made manifeſt 
by theſe Examples. 


Numb, A Logar. 
1181.4 N 3-0723970 


118.14 2.0723970 
11.814 N 1.072390 
1.18144 0. 0723970 
11814 13723970 
011814 2.07 23970 


If you would know the Logarithm of 277, ſet it down 


as Whole thus, 27.1, and look for the Logarithm thereof, 


all one as if it were whole, only put one for the Index 
and 8 {o I find the Logarithm of 29.1 to be 
1.439093 8 

1 you would have the Logarithm of a vulgar mixt 


Number, as ſuppoſe 27 17 


Reduce it into an improper Fraction, and ſubtract the 


Logarithm of the Denominator, from the Logarithm 


of the Numerator 5 5, and the Remainder is the Logarithm 
ſought, | 


Oferation 
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a Operation. 
Numerator - - 55 Logarithm 1.740362 
Denominator + : Logarithm eee 
Logarithm of 27% is 14393327 
After the ſame Manner I find the Logarithm 


| | 4 0.6020600 
of Ie to be <0.3010300 
4 o. 1249387 

See my Compleat Syſtem of Aſtronomy, page 287, for 
further Satisfaction. 

In finding a Sine or a Tangent, if your Degree be under 
45 you mult ſeek it on the Head of the Table, and the 
Minute in the firſt Column on the left, down to 60 ; but 
when your Degree is more than 45, you muſt have it at 
the Bottom of the Table, and the Minutes on the right 
Hand aſcending to 60', 

Let it be required to find the Logarithm, Sine and 
Tangent of 299 45" ? 3 

Sine = 9.69567 12, Tangent =9.7570520, with their 
Differences 2210 and 29323 by Help of theſe Differences 
we find the Seconds anſwering any Quantity of Seconds 
under 60, thus, 

Suppoſe I wanted the Sine of 292, 45". 38", you 
muſt „ lay, 


If 60“: 9 25 Dif. :: 38! 
3 ; 

17680 

6630 


60) 83980 (13997 


To 
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To the Sine of 200 45" - --- 9,6956712 
Add the proportional Part . 3993 


„ 


The like obſerve for Tangents to any Quantity of 


Seconds. 
But if you have a Logarithm, Sine, Tangent or Secant, 


and want the Arch or Angle anſwering thereto, it is but 
the Converſe of the former Operation; for ſuppoſe the 
Sine were 9.6958 111, and the Angle anſwering required ? 


See the Wark. 


Given Sine = + - 9.695811 
Neareſt leis Sine 299 45' = 9.956712 
Difference = 1399 


Now ſay, If 2210 Diff.: GO: 1399 Diff. 
1 


— : 


2210) 83940 (38"! 
693 


1764 
1768 Fere 


By which I find the Arch anſwering is 299 45' 38", 
And here it will not be amiſs to inform the Reader that 
inſtead of ſaying Sine Complement or Tangent Comple- 
ment, we fay for ſhortneſs, Co-Sine, or Co- Tangent, &c. 
and the Word Complement ſignifies a filling up, or what 
any Arch or Angle wants of 90, or of 180?, &. 

Here are ſeven Caſes, which we ſhall briefly illuſtrate 
as follows; in which Things given are marked with a 
Daſh of the Pen thus , and Things required with a 
Cypher thus 3. And further 

Note, That when the Angles are required, a required 
| Side cannot be made Radius, And in the Solution of the 
following Caſes we ſhall perform the ſame, | 

1. By Conſtruction. | 

2. By Logarithms, &c. | 

| T 3. By 


*% 
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3. By Gunter's Scale, or Slider. 
4. By the Sector. 


5. By the Natural Sines, Tangents, and Secants. 
6. By Natural Numbers 


Caſe I. 


Given, The Anglet, and Baſe, to find the Catbetus, or 
Perpendicular, and the Hypothenuſe. 


Let the Angle at the Perpendicular be 489 zol, then 
the Cat the Baſe will be it's Complement to go, viz. 
41 zo, and the Baſe 56 Feet, Yards, Miles, or any 
other Meaſure at Pleuſure. I demand the Perpendicular 
and the Hy pothenuſe? 


The Hypetbenuſe made Rains. Conftruftion, Fig. I. 
page 198, | 


Open the Sector to any convenient Diſtance, on the 
+ Line of Lines, and take off 56 and lay it from B to C, take 
the Chord of 60 (of any Radius whatſoever) ſet one Foot 
oi the Compaſſes in C, and {weep the Arch AE, as the 
Sector now ſtands take off from the Chords 41 zol the 
Quantity of the given Angle at the Paſe, and ſet it 
from E to A, draw C A and B A, and the Triangle is 
compleated ; then meaſure C A and B A ſeverally upon 
the Line of Lines on the Sector (being firſt ſet the Baſe 56) 
and you will find A B to meaſure 50 fere, and A C 74.8 
Fect, Ge. | 


Analogy for the Hypothenuſe, C A. 
As S CA 489% 30% 9.8744561 


To C 56 17411880 
So Radius 90 oo ioc. oo 


To AC. 74-77 1-87373'9 
| 3 
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For the Perpendicular B A: 


As Radius go? oo! 10.0000000 


To A C 74.77 138737319 
S0 S CC 41 30 9.82 12646 


To B A 49.5435 16949965 


Secondly, In Caſe 1, the Tame Things given to find 
the required, A B made Radius. See Fig. II. page 199. 


Analogy for the Perpendicular. | 
As Tang. C A 43? 3o' 10.0531916 


To BC — 56 17481880 
So Radius 9o oo 10,00009000 
ToAB 49.545 16949964 


82892 2 1 


For the Hypothenuſe A C. 
As T CA 48%? zo! Co. Ar. 9.9468084 


To CB 56 17481880 
So Sec. CA 48 30 10. 1787354 
To CA 74.77 10.737318 
Or you may ſay thus, A B being found. 
As Radius 90 oo 10.0000000 
To A B 49-545 1.69 49964 
So Sec CA 48 30 10. 1787354 
ee 74.77 18737318 


3. To Wort the ſame ufon Gunter's Scale. 


Extend the Compaſſes in the Line of Sines, from 48“ 
300, to 46 in the Line of Numbers, and the ſame Extent 
will reach from Rad ius or Sine of go“, to 74.8 in the 
Line of Numbers. For the Perpendicular A B, extend 
the Compaſſes from the Sine of go to 74.8 in the Line of 
Numbers, and the ſame Extent will reach from the Sine 
41? 30" to 49.5 in the Line of Numbers. 

There are Sliding Gunter's made, which worketh far 
better than with. Compaſſes. 


4. By 


_ — — 
* 


Fs 
o 
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4. By the Sector. 


"This moſt uſeful Inſtrument is fully deſcribed in Chap. 
V. with it's Uſe in many Caſes ; I ſhall here compleat it's 
Uſe in the Solution of Triangles. | 


” Caſe J. 
To find the Hypothenuſe A C Analegy, 
&a& SA:.CB-4;R: AG: 


Take the Baſe 56 in your Compaſſes, and make it 3 
lateral Diſtance in the Line of Lines, carry this Extent 
to the Sines, and make it a Parallel of 48 zo! the Quan- 
tity of the Angle at the Perpeadicular, then take off the 
Parallel Line of go“, and that Extent will reach laterally 
in the Line of Lines, from the Center of the Sector, to 
74.8, the Hy pothenuſe A C. as required, 


* 


Secondly, For the Perpendicular A B Analogy. 
Aen. e: BA: 
Take the lateral Hypothenuſe A C 74.8 on the Line of 


Lines, and make it a parallel Radius on the Sines go, 90, 


then take the parallel Sine of 41 31, the Angle at the 
Baſe, and it will reach latterally from the Center in the 
Line of Lines to 49.54, the Perpendicular ſought. 


Secondly, The Perpendicular AB made Radius, for the 
Perpendicular A B Analogy. 


A TA e:: R: AB. 


Take the Baſe C B = 56 laterally on the Line of Lines, 
and make it a Parallel on the ſmall Tangents of 489 30!, 
then the Parallel of the ſmall Tangent 45* will reach from 
the Center of the Sector laterally to 49.54, the Perpendi- 


cular ſought. 


5. By 
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5. By the natural Sines, Tangents, and Secants. 


In Sherwin's Tables you have the Natural Sines and 
Tangents ; anſwering to every Degrec and Minute of the 
Quadrant: The whole Sine, or Semi-diameter of the 
Circle = Radius being = 10000000, which are no other 
than the natural Numbers of the artiſicial Sines and Tan- 
gents : And this Way of working was uſed before the: 
Logarithmetic Canon was invented, but it being trouble- 
ſome, and now quite out of Uſe, I offer it here only far: 
Curiolity, and not for Practice. 


Cafe I. Stheme 1. tage 198. 


CB 56 | 
| c N CAB 48 30 To find 14 0 
<ACB 41 30 B 
Firſt, The Hypothenuſe A C, Analogy. 
A: EI: R:: AC 
Seck in the Tables for the natural Sine of the Angle 
CAB 48 zol, and you will find it to be 7489557, 
which muit be the firſt Term in the Rule of Three; the Baſe 
= $6 the ſecond 'i'erm, and Radius the third Term; 
which being placed in due Order will ftand thus. 


Sine A. CB Radius. 
As 7489559 56 :: 10000000. 
10000000 


74395 57)560000000(7 4. 7j=A:C 
62420899 


35731010 
29958228 


— 


57727820 
52426899 
| 5 3009210 
52426999 
iin E 


Toe 
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The Analogy for the Perpendicular AB. 


As SA:CB::SC:AB. Or, 
As R: AC::SC:AB. 


Operation. 


8. A CB S. C. 

As 7489557 : 56 :: Me” 
1 I 

— 


39757 206 
331 31005 - 


7489557)371067256(49-54=B A. 


40789630 
37447785 


ætñ—P— — — 


33418450 
29958228 


Caſe I 


The Perpendicular made Radius, Anal, r the H 
thenuſe A C. = 1 ” 


AzTA; CB ;: Sec, A AC. 


Operation. 
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| Operation. 
A. C:$ Sec. A, 
As 11302944 : 56 :: 15091605 
56. 


— 
90549630 


75458025 
— 


11302944)845129880(74.77=A C. 
79120608 
53923 800 
45211776 


— ——— 
87120240 
79120608 


— ͤ ͤVb—— 


799963 20 
79120603 


—— — 


875712 
Analogy for the Perpendicular A B. 
. A: e:: R: AN 
Operation. 
Ti A. C3 R. 
As 11302944 : $6 :: 10000000 
A7 I COOCCOO 
11302944)500000000(49.545 feres 


45211776 
107882240 
101726405 
61557440 
Ane 
50427200 
472228. 
52154240 
565470 . 
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In this way of Working, you may add Cyphers to the 
Remainder, and then the Quotient will be a mix'd Deci- 
mal, as you ſce in the Works above. And thus you ſee 
how exactly the Caſes may be ſolved by Natural Sines, 
Tangents, and Secants, though not ſo expeditiouſly as by 
the Artificial, as you will ſoon perceive if you compare the 
one Method with the other. 


6. The Solution of right anne! plain Triangles by Natural 
| Numbers. 

Before we proceed to the Calculation of right angled 
plain Triangles by Natural Arithmetic, it will be neceſſary 
to premiſe as chiefly preparatory thereunto; 

« That having the Angles in any right angled plain 
6 Triangle, and aſſuming the Leg oppoſite to the leſſer 
& Angle to be 1.00, Cc. I his following Rule will give 
*«. (near enough the Truth) the Hy pothenuſe and the other 
« Leg. According to Mr M. Farſter.“ 


RULE. 

Divide 172 by the Angle oppoſite to the leſſer Leg, 
(which muſt always be aſſum'd 1.00, c.) ſquare the 
Quotient, from which abate 3, and extract the Square 
Root of the Remainder ; this Root ſubtract from twice 
the Quotient, one third Part of the Remainder is the Hy- 
pothenuſe. Which doavled. and ſubtract from the {aid 
Quotient, leaves the other Leg. 

Now before the Rule above is put in Practice, it will 
not be amiis to ihew how the Number 172 is found, 


ä  —— I 9 


lh ed I If 


* bn. 
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7 onfiruftion. 
Let the equal Leg'd and right angled plain Triangle 


1 ABC be given. Then with the Radius © A = Hypo- 
thenuſe deſcribe the Semicircle D F G, and make G H 


= CG: Draw D E parallel to 8 A, as a Tangent to the 
Angle A C B, and draw EA H; then is B A the Sine, 


D A the Chord, and D E the Tangent of the Angle A CB. 


DH is the Triple of the Radius A C or longeſt Side of 
the Triangle A BC. . 


Demonſt ration. 


Becauſe D E is parallel to B A, the Triangles HB A, 
H DE as ſtanding on the iame Baſe are Similar, and there- 
fore proportional, 'Then, 

As HB: BA:: HD: DE = D A becauſe DE is 
the Tangent, and D A is the Chord of the ſame Arch. 

The Chord of the Angle A CB, muſt be reckoned an 
Arch of a Circle whoſe Circumference is 360%, it's half is 
— D G, being the Chord of i80®, but we mutt find the 
Diameter in ſuch Parts as the Circumference is 360. Thus, 

As 3.141592 : 1 :: 350: 114.5915;58 = D G whole 
half is = 57.25979 = D C, whole Triple is 171.88737 
= D H, now becauſe of the great Fraction, the 171 is 
made 172 Whole, whole half is 86 called a general Num- 
ber made Uſe of in finding of Angles, as will be ſhewn 
by and by. And DC=CG= GH = to the Hypo- 
thenuſe CA. Now we ſuppole the Leg B C, to be the 
longeſt of the Two, and therefore it will be, as twice the 
Hypothenuſe CH +B: HD 172 thrice the Radius; fo 
is the orteſt Leg BA to DE BAC. In ihort, as 
BC TAC: AB:: 12 DH =— 86: to the Angle oppo- 
fite to the ſhorteſt Side. | 

Now by this general Number 26 and the 47th of the 
Firſt of Euclid, are all the Caſes in right angled plain 
Triangles ſolved, as will more plain appear by what 
follows. | 

Caſe 1. Given, The Angles and Baſe, to find the Hy- 
pothenuſe and Perpendicular, 


EXAMPLE. 
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EXAMPLE. 


Figure 1, page 198. C A B 48% 30 ACB 419 307, 
| CB, 56, I demand A C and B A? Firit, therefore when 
| | any right angle] plain Triangle is propoſed for Solution 
| by this Method, having the Angle given, you muit firit 
1 aſſume another right angled plain Triangle as 2 5 C, and 
=: the Leg oppoſite to the leſſer Angle as a4, to be 1.00, &c. 
where by finding the Hypothenuſe and other Leg, (the 
greater Leg) by the Rule here given; which done, theſe 
two Triaugles A B C and 36 C are Proportional, See 
Theorem q. 

That is, (obſerving what Side is given in the propoſed 
Triangle) As any one Side in the aſſum'd Triangle a & C, 
is to it's correſponding Side in the piopoſed Triangle AC, 
ſo is any other Sic iu the aſſumed Triang!e to it's correſ- 
ponding Side in the ropo'ed Triangle. And this Methad 
will be exact enough tor common Ce, if you work it to 
two or three Decimal Places, ever remeinbering to reduce 
the Minutes of the Anglcs to Decimals, which is done by 
Inſpection in the following Table. 


——_— — — 
— 
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1 Table to Convert Minutes and Seconds into De- 
I cimals, & Contra. One Degree the Integer. 


SZ jr Om 


ow own þÞ [vw N - 


OD 


—_— 


.004.2 
co83 


Decim. 


0125 


218 


Novy 


n.8. — —̃ Onan 


— — — — —— 
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Now follows the Operation of Caſe 1, 


1. Fer the Hypothenuſe A C. 
Angle C = 41.5) 172,c00 (4.14 


2 
166 0 — 
8.28 


415 
—— — 
1850 
1660 


190 


QUOTIENT. 


4-14 
4-14 


16 56 
414 
8 
Square =. 17.13 96 1 
Subtract TS 8.28 from = 


14-1396 ( Subtradt. 3 
4 34520 5261.51 » 
9 . C4. 


499 2 = 
746) 4496 4 
4470 


ꝗ—ꝓ—»— 
„ 


P The ſhew the Quotient r. 5 1 is too much. 


G8 


4.5 


Of Plain Trigonomeiry: 217 
Ca = 161 
x by 


7 


2 
— — 
Subtract 3 02 
From 4.14 


as 
3 — — 
1 55 C5 == 1.12 
8 
Now for C A. As 1.12: 56: 1.51 
$ | 56 
2 755 
+ _ — — — 


» 1.12).84.56(75.49 = CA. 
# 78 4 


2 560 
1 448 

4 L * — — 
0 "4 . 1120 
8 1008 
— —— —— 


3 112 
3 Nite, The Side oppoſite to the lefler Angle is always 
called 1. 


3 Secondly, For the Leg AB. 


8: OY 4 6, 
. 
I 


— — 


1.12) 56. 00050 = AB. 
560 


5 
4 Aſter 
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After this Manner are the zd and zd Caſes ſolved ; but 
the 4th, 5th and 6th Caſes muſt be wrought by Natural 


Arithmetic, thus ; For the Sides, the Square of the Hy- 
thenuſe, is equal to the Square of the Sum of the Squares 


of the other two Legs. See Theorem 14. 
And to find an Angle, you take half the longer of the 


two leſſer Sides, i. e. Baſe and Perpendicular, and add it 
to the Hypothenuſe, then ſay, As that Sum, is to the 
ſhorteſt Side, ſo is the general Number 86, to the Quan- 
tity of the Angle oppoſite to the ſhorteſt Side: As 
we will ſhew by and by, when we come to the Fourth 


Caſe. 


Caſe 2. Given, the Angles and Hypothenuſe, to find the 
Baſe and Perpendicular. 


NM. B. The Datas are the ſame in all the following Caſes 
as was aſſum' d in the Firſt Caſe. 


Analogy. A C made Radius. 


RN: A $A: CB. Ile: 
90: 74-77 :: 489 30! : 56 = CB. 

As R : AC :: SC : A B Perpendicular, 
90 : 7477 :: 41 3ol: 49.545 B A. 


Caſe 3. Given, the Angles and Perpendicular, to find the 
Hypothenuſe and Baſe. 


Analogy. AB made Radius. 


ASK: AB ir TA 2-3, 
GO : 49.54 :: 48 30: 56 = Baſe, 
RR: 4A 8 :-: 8, : 4. 
90 : 49-54 :: 43839 : 74.77 Hypothenuſe 


Caſe 4. Given, the Baſe and Perpendicular, to find tbe 
Angles aud Hypothenuje. | 


Analogy. A B made Radius. 


A AB: R:: CB : T. CA. 
49.54 902: 56 48% 30. 
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A. R: AB:: Sec. A: AC. 


F 

0 90: 49.54 :: 48 30: 74.77. 

4 By Natural Arithmetic, 

; NA 1. Firſt for the Hypothenuſe A C. 


336 19816 
280 24770 


DO CB 2136 19816 
43224542716 — — 
Sum 255902115 2454-2116 


$599.2116(74.77 Feri. = AC. 
49 


144) 690 : 
$99... 

1487) 11421 
10409 


— — 


14947) 101216 
4347 bas 


For the Angles. i Longeſt of the twy leſſer Sides == 28 
8 C. B = 28 
AC= 74,77 


Sum 102.77 


.. WED 
—— : 
Rs EY 2 * 


U. 2 | Navy 
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Rn 
Now ſay, As 102.77: 49:54 :'2 $6. 


29724 4 

102.77)4260.4400(41% 45 K 
41108 3 

] 4964 3 

ä 1 

46870 5 

41108 45 

576²ꝛ⁰ 8 

51385 2 


6235 


<B = 90 o/ 

<C = 41 27 | 

<A=4 33d : 

45 = 27", See Table, Page 314. 


Caſe 5. Given, the Baſe and Hypothenuſe. to find the Angle, 
and Perfendicular. Analigy, Baſe made Radius, 


AY CB: N.:: CA: Sec. C. | 2 
50 : 90::74-77: 419 300 = C. 2 
As R:CB::TC:AB. ITE 
$2: 56 :: 41 31: 49.54 = AB. 


Cale 
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CA 6. Given, the Hypothenuſe, and Perpendicular, to find 
the Angles and Baſe. Analogy, Hypothenuſe made Radius. 


Az AC: R:: ABS Co | | 
74-77: 90 :: 49-54 : 41% 30 = < ©. 
As R: AC:: 8. A;CB=.. 
90 : 74.77: : 48 30: 56 = Baſe, 


Cuſe 7. Given, all the Sides, to find the Angles. Analogy, 
| Hypothenuſe made Radius. 


As AC: R:: CB: S A whoſe Complement to a 
Quadrant = 9o Angle B = C C41 30', Or, 
1 Ae: R:: A5 :. 


2. For the ſame Angles, AB made Radix. | . 
As AB: R:: CB: T. A. i 
4 3. CB made Radius. | 
4 „„ e:: re. 
3 Note. When you work upon Gunter, a Proportion that 
5 has Secants, this may be ſupplied by the Co-Sines, for by 
rreaſon the Secant begins not till the Sines ends (See the 
Scheme in page 192) ſo becauſe the Secants are not placed 


upon Gunter, the Line of Sines ſupplies that Defect, viz. 
by their Co-Sines, thus, 


Sines-.-- - - -.- 90, 80, 70, 60, 50, 40, 30, 20, 10, 
Co-Sines, or Secants, o, 10, 20, 30, 40, 50,60, 70, do, 


So in Caſe 4, where A B is made Radius to find A C. 
extend the Compaſſes from the. Radius, or Sine go®, to 
the Sine of 41 307, Co-Sine of Angle A, and the ſame 
Extent will reach from' 49.5 the Side A B, to 74.8 in the - 
Line of Numbers, and tuch is the Hypothenuſe A C, as 
was required, | ; 

Before I cloſe this Part, I ſhall add ſome uſeful Problems, 
as a Touch-ſtone to try the Learner's Ability. 


U 3 PROBLEM: 
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PROBLEM 1. Y = 


| tal 

Given, the Angles in a right angled plain Triangle, with an 

the Sum of the Sides, to find the Sides ſeverally. 18 
EXAMPLE. 


In the Triangle AB C, Fig. 1. page 198 the Sum of 
the Sides have already been found to be 180.31;. and 
< A 48? zo <C 41* 30', I demand the Sides ſeverally. 

For a Solution, . may ſuppoſe any of the Sides 
what Length you pleaſe, as ſuppoſe the Baſe to be 40, 
now With this falſe Baſe 40, and the true Angles lay down 
the Triangle, and work with it as if it were the true 
Eaſe thus. 


A.C made Radius. 


As 8. A:CB::R:AC. 
| 48 30: 40 :: 90: 53.408. 


Serond'y, For A B. 


3K &: CoArc: CB 3::$ © A 
489 300 : 40 :: 41% 30“: 35.389. 
Now we ha ve found the other Sides in proportion te 
me gueſſed Bale. | 


AC= 53.408 
CB == 40 
AB= 35.389 
Sum 128.797 | | 
Now with this feigned Sum of the Sides find the true 
Ive thus, I 


If the feign'd Z Sides - - - 128 793 C A. 7. 8901179 
Liive for their Baſe --- . 40 - = - 1.6020b00 
What true Z Sides give 130.51 - = - = 2.2560198 
Auſwer, true Bale CB. 56. C01 - - 1.7481977 
Now 


- 
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Now with this true Baſe and the Angles, conſtruct a 
new Triangle, and find the other two Sides, as has been 
taught in Caſe 1, by which you will find AC 74.77, 
and AB 49.54, the Sum of which three Sides is qual to 
180.31, the given Sum, which proves the Work to be right. 


PROBLEM II. 


Given, the Baſe, and the Sum of the Hypothenuſe and Ca- 
thetus, or Perpendicular, to find the Angles. 


N. B. This is grounded upon Theorem 4, where it is 
proved that the Angle at the Center is double to 
the Angle at the Circumterence, 


EXAMPLE. 


"I 


Let the R:ie C B be 56, and the Sum of the other 
two Sides 124.31. What are the Angles at A and B? 
and the Sides A C and A B ſeverally? 


i 
F 


Corfiruften 
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Conſtruction. 


Draw the Baſe C B 56 of any convenient Length, take 
it in your Compaſſes and make it a Parallel upon the Line 
of Lines on the Sector, erect an occult Perpendicular, as 
| B D, drawn at Pleaſure : Now becauſe the Sum of the 
| Hypothenuſe and Perpendicular amounts to 124.31, this 
exceeding the Bounds of the Sector, take half that Num- 

ber, viz. 62.155 in your Compaſſes from the Line of 
Lines, (as the Sector was juſt now ſet to the Baſe 56) and 
lay it twice upon the occult Line B D, and it will termi- 
nate at D; draw B D, and CD, Biſct CD in E by 
Prob, I. and draw E A at right Angles to C D, then 
' doth the Point A determine the trùe Triangles ; to com- 
| pleat which, draw C A, and 'tis done. 
1 Now by Conſtruction the Angle C D is. juſt half the 


Angle CAB. 
f For the Angle C AB, D B made Radius. 
As DB 124.31 2. 0945061 11 
To Radius 90 oo 10. ooo = 
So CB 66 1.748980 = £ 
ToT<CDB 24 15 9.6536819 t 
Doubled=CAB 48 30 Comp=< ACB 41 zo. 
Now by working as in Caſe 1. I find AC to be 74.77 (( 0 
and AB 49.54 which two Sides added together, make 
124.31 as was.at firſt propoſed, which proves the Work to | 4 
be right, The CAC D =A DC, becauſe A C=A D. 
PROBLEM II. 
Given, the Perpendicular and Sum of the Hypothenuſs 
and Baſe, to find the Angles. 
EXAMPLE. 
Let the Perpendicular A B= 49.54, and the Sum of 
the Hypothenuſe and Baſe be 130.77; I demand the Angles? 


and-the Sides A C and CB ſeverally ? 
: Conſtruction 
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F 


4 * .. 


* 
4 * 
PR 


Corfirufion. 


Draw an occult Line at Pleaſure, and thereon make 
AB == 49.54, open the Sector to this Diſtance upon the 
Line of Lines, here let the Sector ſtand ; then draw at 
right Angles to A B, an occult Baſe, and take from the 
Sector a Parallel of 65.38; on the Line of Lines, (that is 
the halfof 130.77 the Sum of the two unknown Sides) and 
ſet it twice from B, it will give D, draw BD and AD; 
Biſect D A in E, and draw EC, and it will cut D B in 
C, draw A C, and 'tis done. 


42 Conſtruction, the Angle A D C is half the Angle 
CB. | 


For the Angle ACB, DB mage Radius. 


As DB 130.77 2.1165o08r 
To Radius 90 oo 10.0 00 0000 
So BA 49.54 1.694950 


To T. CAD B 20% 45 9.5784479 
Doubled = A CB 41 zol Comp. ACB 48% 30 
Now by working ai Caſe 1, I find A C==74.77 and 


C B=56, which two Sides being added together, make 
139.77 as was at firſt Propoſed. 


PROBLEM 


| 
| 
f 


| 
| 
| 
| 
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PROBLEM IV. 


How by the Proportion of a Man's Shadow unto his Height, | 7 
or other Shadizo to it's Gnomon, ſet perpendicular to the © 


Horizon, to find the Hour of the Day. 


1. It is by this Problem that the Table is calculated to | 
find the Hour of the Day by a Staff divided into 10 equal 
Parts, which Table is printed in many Books, but will on- } 


ly ſerve for one Latitude, viz. that for which it was cal- 


culated, In order then to make ſuch a Table for any La- 
titude, you muſt have the Sun's Altitude at every Hour and | 


Quarter of the Day, for every Day in the Year, for your 
given Latitude, and then it will hold, As Radius, To the 
Length of the Staff in Parts, as ſuppoſe 10, or 100, or 
any other Number, So is the Co-Tangent of the Sun's 
Altitude, 'To the Length of the Shadow of the Staft in 


the ſame Parts. Which is inſerted into a Table right a- 


gainſt the Day of the Month, and in a Column noted at 
the Top with the given Hour ; this is done for every 
Hour and Quarter of the Day, and for every 5th Day of 
the Month for your given Place. Thus the Table being 
made, ſet up your Staff perpendicular on plain level Ground, 
and mark where the Shadow of the Top of the Staff falls, 


meaſure the Diſtance from the Place where the Staff ſtood 
and the mark juſt made, which note in Staff's Length and 


Parts, then look in your Table for. the ſame Number; 
and at the Top of the Table is the Hour of the Day when 
the Obſervation was made. 

2. By the Altitude of a walking Cane only, &c. ſet 
perpendicular to the Horizon, to find theHeight of anyTree, 
Caſtle, Tower, or Steeple, the Sun ſhining. 

The Solution of this, is from fimilar Triangles; as ſup- 


* 


poſe your C 


ſeeing an Object caſt a Shadow (the Sun ſhining) ſet 
up your Stick, and with it meaſure, the Length of it's 
Shadow which we will ſuppoſe to be 4o Parts, that js one 
Stick's Length and 4 Parts more ; with it alſo meaſure 
the Length of the Shadow of the Object, which let be 


131 Sticks Length, that is 504 Inches; now it will hold, 
As. 


(See Rig. II. page 199) 


80 


ane, or Stick be divided into any Number of 
equal Parts, as 10, 36, &rc. and you walking along 


. 


. 2 OO > 
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As 3 the Length of the Shadow of the Stick, in the 
little Triangle, is to 4 a the Heighth of the Stick; So is 
CB in the great Triangle, the Length of the Shadow of 
the Tower, to B A the Height thereof. 


Oferation. 


. ˙ Re + 
As 40 : 36 : : 504 : 453.6 = 37.9; Yards, 
and ſuch is the Height of the Object. And thus by the 


Help of a Cane or Stick, and plain 'Triangle, we can tell 
the Height and Diſtance of any Place. 


II. Of Oblique Angled plain Triangles. 


BLIQUE Triangles, are ſuch as have in them 
no right Angle, but are either acute or obtuſe, or 
both. See the Geometrical Definitions. 

An Oblique angled plain Triangle has always all the 
Angles acute, or elſe two acute, and one obtuſe, where- 
of the Sum of any two of them 1s always a Complement 
of the Third to 180?, or a Semi- circle, with which you 
mult work inſtead of the obtuſe Angle itſelf, And herein 
are three Axioms, on which the whole Fabric of this 
Doctrine is laid. | 


Axiom I. 
The Sine of every Angle is in direct Proportion to it's 


oppoſite Sides, and every Side is in direct Proportion to the 
Sine of it's oppoſite Angle. 


Cenflruftion, 
Draw the oblique Triangle A C B, 


* 


— — — 


| 
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— —— ſ:— i —L—),! 


rig. />6 


E HG F 


Make BD = AC, with the Radius B D ſweep the 
Arch DE, with the ſame Extent ſet one Foot of the Com- 
Paſſes in A, and draw the Arch C F, let fall the Perpen- 
diculars C G and D H upon the Side A B. 

Now C G is the Sine of the Angle A, and DH, the 
Sine of the Angle B; the Triangles A CG. and BD H 
are Similar and Proportional. See Euclid 6, 4, where 
tis demonſtrated, that the Sides of equiangular Triangles 
are proportional, Therefore as CG : SB :: GB: 
S. CGB: and CB: SC G B. The like in the Triangle 
ACG. And from hence it will always hold in any 
oblique angled Triangle, (whether plain or ſpherical) As 


ACD; AB::; SCAB: CB, and d the 


SABC: AC; & Contra. 
Axiom II. 


As the Sum of two Sides including an Angle, is to their 
Difference; So is the Tangent of half the Sum of the 
other two Angles, (that is the Angles oppoſite to the 
given Sides) to the Tangent of half the Difference of the 
ſaid Angles, Which added to the half Sum, gives the 
greater Angle ſought ; but ſubtracted from che half Sum 
gives the leſſer Angle. EP 

It is by this Axiom that we find the geometrie Place of 
a Planet. 


Conſtruction. 


Make CD=CB. and draw B D; on which, let fall 
the Perpendicular CE, and it will Biſect D B in E; 27 


{ 


.  -. 
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E F parallel to A G, and it will Biſect A D in F, and is 


— 


the Difference of the two Sides A C and C B. 
Demonſtration. 


Y The Angle C B E is half the Sum of Angles C B A and 
X BAC, and E B G half their Difference. 
2 Now if B E be made the Radius of a Circie, E C will 
be the Tangent of & the Sum, and E G of half their 2 
Difference. The Triangle CG A is cut proportional by . 
the Line EF. For, r. 
As CF: FA :: CE : EG. 9 
Note, Half the Difference of any two Numbers added 
to, and ſubtracted from their half Sum, gives the greater 
and leſſer Number, that is, the Numbers themſelves. As 
ſuppoſe the two Numbers be 10 and 14, their Sum = 24, 
42 12, their Difference = 4, 1 2 2, then 121422 
14 the greater Number, and 12 — 2 = 10 the leſſer 
Number. 


e i 
e 0 Axiom III. 5 
. As the true Baſe, Is to the Sum of the other two Sides, 
8 So is the Difference of the ſaid Sides, To the alternate 3 
Baſe. 'That is, to the Difference of the Segments of the ni 
f Baſe made by a Perpendicular let fall from the Anglcs 75 
oppoſite to the Baſe. ä 1 
2:50 onſtr uftion. 7 
1 Lay down the Triangle A B C by Help of the Sector, Wo 
5 (as has been already taught) by making A B = gz on the b 
Une of Lines, A C = 60, and CB = 50. THAI the 8 
| X enter | 


> 
a 

be © 1 
J 
* 
* 
- 
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Cent er C, with theDiſtance CB, deſcribe theCircle, which 
will interſect both of the other Side of the Triangle at E 
and F ; and then D F will repreſent the Sum of the Lezs 
AC and CB, AE will repreſent their Difference, and 


AF will repreſent the Difference of the Segments of the 
Baſe made by the fall of the Perpendicular C G. 


4 D 


Demonſtration. 


Iu AB: AD: : AB: AF. 

That is, the Baſe is to the Sum of the Legs, as the 
Difference between the 'wo Sides, is to the Difference of 
the Segment of the Baſe. | 
Note, If the two Legs including an Angle be equal, then 

the two unknown Angles are known; becauſe they are 
equal ; whoſe Complement of the known Angle to 180, 
is their Sum, the hajf of which is each Angle leverally. 

If the three Sides be equal, the Angles are all acute, 
and cach 60, and the Sum of all three = 180. 

In any ov! que angled plain Triangle whatſoever, where 
the Three vices are given to find, an Angle, See my 
DUranoſcopia, page 55, 56. | 


RULE 
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RULE. 


From the Sum of the three Sides ſubtract the Side oppo- 
ſite to the Angle required, and Note the Remainder ; then 
to the Co. Ar. of the two Sides, including the required 
Angle, add the Logarithm of half the Sum of the Sides, 
and the Logarithm of half the Remainder ; half the Sum 
of thele Four Logarithms will be the Co-Sine of half 


the Angle required. 
Here are four Cafes which we ſhall illuſtrate in the fol- 
lowing Order. 


Ca 1. Given, All the Angles ard one Side, to find the 
otber tio, Sides. 


EXAMPLE. 


3 Let the Angle A be 30®, B 36® 52) and ACR 11308), 
the Side C B == 50, I demand the other two Sides! 


1. Firſt for the Side AC. SceFig. 1, page 228. 
AsS< A 30? oo/ Co. Ar. 0.3010299 
ToCTE:.--$i0--- 1.6989700 

= SoS<B 35 52 - 9.7781186 

= TAC 59.999 - 1.7781185 

* 2. For the Baſe A B. 


As S CA 30® oo! Co. Ar. 0.3010299 
ToCB - 0 - 1-6989700 
SoS< C 66 52 — 99535957 
To AB 91.959 -  1.9635956 


Caſe 2. Given, Two Sides and an Angle oppoſite to one of 
' them, to fiid the Angles and the other Side. ; 


EXAMPLE, 


Let CB be=50, AB = 91.959 and the Angle 
CAB 30®, what are the other Angles, and the Side 
AC? See Fig. 1, page 228, by Axiom 1, For the 
Angle B. 


* 2 Operation 
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Operation, 


As CB 50 Co. Ar. 8.301029 
ToS<A 30® oo! „ens 
AB 91.999 149535956 


* 


ToS<C 56 3 99635955 
From - 180 0 
3 
Argle ACB=113 08 
Anz le CAB = 30 oo 
Sum "= 143 08 
180 oo 
Angle ABC = 36 52 
2. For the Side A C. 
s Operation, a 
As SA 30 oo! Co. Ar. o. 300299 
ToCB - 50 — 1.98970 
So S B ! - 9.778186 
A 890% 1.778185 
Caſe 3. Given, Tr Sides, and the Angle included, to find | 
| the Angles and the third Side. ” # 
EXAMPLE, 1 


Suppoſe the Angle A B C= 36 52/, the Baſe of 
AC 91.995, and CB 50, I demand the other Angles, 
and the vice A C. 

Operation. 
By Axiom 2, Fig. 2, page 229. 

The Three Angles = 180? oO 


Given Angle B "= 36 52 
Sum of A and C =. 143 08 
Half = 71 34 


Secondly, 
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Secondly, 
ES 

Given Sides. 4 CB 50. 
Sum Vf. 8 
Difference = W hy - 41:995 

Analogy. 
As Sum of the Sides Co. Ar. 141.995 7.847728 
To their Difference - 41.995 - 1.6231970 


So Tangent + Sum Angles 715 34 - 10.4771621 
To Tangent 4 X < < ſought 4t 35 - 9.948132 


Sum =< ACB — 11 9 
Difference = < CCA 29 59 


Zaſily, for the Side A C by Axiom 1. 


Analogy. 
As SCA — 299 59/ Co. Ar. 0.3012489 
To CB - 80 1.69 89700 


So S OB — 36 52 — 9.778186 

9 Io AC 60.026 = 1.7783375 

= Cale 4. Giver, The Three Sides, to find the Anglet, 
| Fig. 3, page 230. 

EXAMPLE. 


Let AB be 91.959, A C60, and CB 5o, I demand: 
the Angles? 


By Axiom III. 


Operation, 
A C 60 
Two ſhorteſt Sides. A B C 50 
Suh = 6 110 
Difference 10. 


X 3 | Analogy. 
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| Analogy. 
As the Bae A B - 91.959 Co. Ar. 8.0364044 
To the Sum of AC and CD1 10. - 2.0413927 
So is*the Difference 10 - t . 0000000 


To the alternate Baſe AF 11.967 10777971 
From the true Baſe A C = 91.959 


Remains FB - 509.992 


Now FG = GB, half of FB = 39.996 is the 
true Baſe to the right Angle plain Triangle G CB. Then 
FG 39.9566 + AF 11,967 = A G 51.963, which is 
the true Baſe to the right angled plain Triangle A CG. 

Now the oblique angled Triangle A CB, being re. 
duced into two right angled plain Triargles G CB, and 
ACG; there are given CB Fo, and GB = 39.990 
to find the _—_ CB G, which by the 5th Caſe of 
right angled plain Triangles, will be found to be 
369 F527. 
Secendiy, In the Rect- angle plain Triangle A CG, 

there is given A C—6o, ard A G = 51.963, to find the 
Angle of GAC; which by the ſaid 5th Caſe of right angled 
Plain Triangles, will be found to be 30® : And the 
Angle ACB 113? 8. 
fr Note, Becauſe C D = CB, the Angle CDB = < 
CBD = 56, 34 it being half of the Angle A C B, and 
the BCD = (6 52), it being the Complement of the 
Angle ACB to a Semicircle, or 180%. The Angle ABD 
= 93% 26'. But the Angle EB D is right, as being 
made in a Semicircle. 


Here follows two Problems Extraordinary. 


Giver, one Side, and the Angle adjacent, with the Sum of 
" the other two Sides, to find the Angles, and the Lides 
_ feverally, | 
E X AMP LE. 


In Fig. 3, page 230. Et AB =91.959, and the 
Angle at A zo, the Sum of A C and CB = 110, I 
demand the Argles and Sides ſeverally? 

Conſtruct 


| 
' 


a, A wS On Fi 


OW 


WW" - WG O'S 
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Conftru& the Triangle as has been already taught, make 
AB Py .959, and the < B AC 399, draw an occult 
Line A D, take the Sum of the two ſhorteſt Sides, viz. 
110, and ſet from A to D, and draw D B, now in the 
oblique C plain Triangle A DB, we have given AB 

959, AD = 110, and the included Angle at A, to 
end the other Angles, and the Sides A C and AB, Which 
work by the Second Axiom, as has been taught, the 
AC B = 113 8˙ the Angle ABC= 36? 5, and 
the Side A C = 60, and CB = 50, 


PROBLEM II. 


Given, one Side and the Angle ofpoſite therets, with the 
Difference of the other Tus Sides, to find the Twe 
Angles and the Two Sides. 


EXAMPLE. 


Let AB = 91.959, and the Angle A CB = 113® 
8, the Difference of the Two unknown Sides = to, I 
demand the Angles C A B, ABC, and the Side A C and 
CB leverally ? 

Make AB—91.639, and the Angle ACB 1137 8%, then 
will CB = Radius of a Circle, which drawn, will cut 
AC in E, draw E B, now becauſe the 'I'riangle E CB 
(by Conſtruction) is Equi-crural, the Angle CEB =to 
the < CBE, and it's Quantity will be known from 
Theorem 4, that is < E and B, will be each half the 
Complement of < C, to a Semicircle, and con ſequently 
are cach 33 201. Now in the Triangle A E B, are known 
AB = 91.950, AE — 10, and che < AEB, = 14 34 
it being the Complement of the Angle CE B to 180: 
Then by Axiom 1, I find the <ABE —2926' ＋ < 
CBE = 33? 26' = < ABC —36* 52! + < ACB== 
113 8 — 1509. And 180 — 150 = < CAB= zo. Allo 
by the ſame Axiom I find AC= 6o. CB = 50. 

As right angled plain Triaugles are uſeful in taking of 
Altitudes, ſo oblique Triangles are applied to the taking 
of Diſtances of all Kinds, as ſhall be ſhewn when we come 
to treat on Survey ing of Land, 


CHAP: 


WS 
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CHAP. VII. 
Of Right angled Spheric Triangles. 
. DEFINITION, 


"PHERIC TRIGONOMETRY teaches to 
meaſure the Sides and Angles of Spheric Triangles, 

1. A great Circle of the Sphere is that which cuts the 
Globe in two equal Parts, of which ther? are fix prin- 
cipally, rig. the Equinoctial, Ecliptic, Meridian, Hori- 
zon, the Equino@ial, and the Solſticial Colours But 
you may imagine an infinite Number of great Circles at 
pleaſure. *' 

2. A Spheric Triangle is made by the Interſection of 
three great Circles of the Sphere. 

3. As (on a plain Surface) a Right Line is the neareft 
Diſtance between any two Points; fo on a Spheric Surface, 
an Arch of a great Circle is the neareſt Diſtance between 
any twoPoints, or Places on the Terraqueous Globe. 


A Spheric Angle is the ſame with the Inclination of 


the Planes of thoſe two Circles which conſtitute the Angle; 
hence the oppoſite Angles at the Interſecl ion of two Circles 
are equal. ACB=TICH. 

F; 5: The greateſt Angle is always oppoſite to the greateſt 
Side. . 


6. A Spheric Angle is meaſured by the Arch of a great 


Circle deſcribed on the Angular Point at the Diſtance of a 
Quadrant. So that with one opening of the Compaſſes. 


you may deſcribe a Spheric Triangle, all the Angles right, 


and every Side a Quadrant, as in the Triangle H M C the 


Sides are all Quadrants, and the Angles right. 
7. What we have ſaid in Plain Trigonometry, holds 
gocd here, viz. that the Radius is a Mean Proportional 


between 
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between the Tangent of an Arch, and the Tangent Com- 
plement of the fame Arch, &c. which ſee. | 

8. A great Circle of the Sphere paſling through the 
Poles of another great Circle, cut one another at right 
Angles. 

9. The Sides of a Spheric Triang'e may be turned into 
Angles, and the Angles into Sides, the Complement of the 
greateſt Side, or greateſt Angle to a Semicircle being taken in 
each Converſion, For in this Scheme. LetABC be a Spheric 


Triangle 'obtuſe angled at B, then is DE the Meaſure of 
the Angle DAE, becauſe A D and A E are Quadrants, by 
the 6 hereof; and F G is the Meaſure of the acute Angle 
F BG, which is the Complement of the obtuſe Angle 
ABC. Let HI be the Meaſure of the Angle at C: 
KL is equal to the Arch D E, becauſe K D and LE are 
Quadrants, and their common Complement is LD; LM 
is = to F G, becauſe LG and F M are-Quad-rants, and 
their common Complement is L F, K M is equa! to the 
Arch H I, becauſe KI and MH are Quadrants, and 
their common Complement is K H. Therefore the Sides 
of the Triangle M K L are equal to the Angles of the 
Triangle ABC, taking for the greateſt Angle ABC it's, 
Complement, viz. the Angle D BE. And by the like 
Reaſon it is demonſtrated that the Sides of the Triangle 
ABC are equal to the Angles of the Triangle M wa | 
| or Y 
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For the Side A C = DI, and DI is the Meaſure of the | 


Angle HK P, which is the Complement of the obtuſe | 


Angle MK L. The Side AB = N ©; now N O is the | 
Meaſure of the Angle K LM. And Laſtly, BC = FH 
which is the Meaſure of the Angle at M for AD and 
C I are Quadrants, ſo are A N and B O, B F and CH; 


and CD, A O, and C F, are the common Complements 


of thoſe Arches, therefore the Sides of a Spheric Triangle 
may » into Angles, and the Angles into Sides, | 
* E , 


10. The three Sides of any Spherical Triangle are leſs 
than two Semicircles b 

11, The three Angles of a Spherical Triangle, are to- 
gether greater than two right Angles. and therefore two | 
Angles being known, the third is not known by conſe- 
que ice as it is in Plain Triangles. 

12. If a Spherical Triangle have one or more right 
Angles tis cal ed a right angled Spherical Triangle. 

13. If a Spherical Triangle have one or more of it's 
Sides Quadrants, *tis called a Quadrantal Triangle. 

14. If it have neither a Right Angle, nor any Side a 
Quadrant, *tis called an oblique Spherical Triangle, 

15. If a Spherical Triangle be both right angled and 
quadrantal, the Sides thereof are equal to the oppoſite 
Angles. As in the Triangle HM C. 

Note, Mention is often made of Quadrantal Sides, that 
is, ſuch or ſuch a Side is a Quadrant : Now how they are 
known to be Quadrants, the Learner is to remember that in 
Plain Trigo ometry we have ſhewn that the Sine of go, 
the Chord of (o, and the Tangent of 45* are equal to 
each other, and alſo to the Radius of a Circle; therefore 
in the Scheme above, the Primitive Circle N OABEG 
is drawn upon the Center L, with the Radius LE = 
LG=LN= LO, conſequently all thoſe Sides are 
Quadrants, as being equal to the Radius of the Primitive 
Circle ; and fo by the fame Rule is the Side of an oblique 
Circle (in this Scheme) known to be more, equal, or leſs 
than a Quadrant. | 

« 16, Every Circle whether right or oblique hath two 
Poles, if it is the Primitive they both lie together in the 
Center thereof; if it is a right Circle as H D, they lie 
in the Primitive Diametrically oppofite at C and G, If 
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an oblique Circle, as CA G, one Pole lyeth within the 
Primitive, and, the other without; which how to find 


| Geometrically, ſee my Sy/em of Aftronomy, Vol. I. page 


62. But by the Sector it is performed thus: Set the 
Sector on the Tangents 45, 45”, to the Radius of the 
Primitive Circle = E D; then let the Pole of the oblique 
Circle C A G be ſought, take H I in your Compaſſes and 


& meaſure it on the Tangents, you will find it to be 25?, 


this ſubtract from 45 = E D, there remains 20; which 
take from the Tangents on the Sector, and ſet from E to 


K, ſo is K the Pole of the oblique Circle C I G, and 


as 


lyeth within the Primitive For the other Pole add 250 


that you juſt now found to 455, and it make 70, ſet the 
Radius of the Circle E D to the leſſer Jangents on 
45%, and take off the Tangent of the Sum = 70, and ſet 


it from E to L. So is L the other Pole of the ſaid ob- 
lique Circle C I G, and falls without the Primitive Circle. 


WL ikewiſe the Poles of the oblique Circle B A F, will be 


found by the Rule, to fall at M, within the Primitive, and 


gat N without the Primitive Circle. For the laying down 


(LE LEE EEE EEE FILED EN 
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or meaſuring any Spheric Angle, or Side of a Spherical 
Triangle, with the Projection of the Sphere on any Circle. 
I refer my Reader for farther Satisfaction, to my Sy/tem of 
Aſtronomy, Fol. I. page 66, &c. IP 

Every right angled Shperical Triangle as A B C (in 
this Scheme) hath beſides the right Angle at B, five Parts, 
whereof thoſe three which are fartheſt from the Right 


Angle, are noted with their Complements, as A C, | 


F 


And the two acute Angles at A and C; now of theTriangle N 


ABC, if A C be continued to a Quadrant, it is plain 


ACC the Complement of AD togoz and ED is the | 


Meaſure of the Angle B A C, and E I being a Quadrant 
it is plain from the Figure, that E D 1s the Complement 
of the Quadrant EI: Laſtly, F G is the Meaſure of the 
Angle G CF, becauſe F C and G Care Quadrants, there- 
fore FH being a Quadrant, F G is the Complement, 
which is the Meaſure of the Angle at C, therefore A C 
and the Angles at A and C (by the Lord Napier) are 
always noted with their Complements, but the Comple- 

ment, 


EEA 
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ments of AB is A H in the Triangle AG H, and the 
Complement B C is CI in the Triangle CI D; fo that 
the two Legs A B and B C including the Right Angle at 
B, are never Complements, but the Sine itſelf, or tlie 
Tangent itſelf. Ee By : 

In the Solution of right angled Spheric Triangles, there 
are always two Things given, beſides the Right Angle, to 
find out a fourth Term, in which the Right Angle is al- 
ways ſet aſide, in being any of the Circular Parts, and 
conſequently doth not ſeperate the two Legs A B and B C, 
but are always ſaid to lye together. And of the Three 


Things or Parts concern'd in the Queſtion, one of them 


is always called the Middle Part, and the other two are 
called Extreams either conjunct, when they lye together, or 
disjunct, when they are ſeperated by any other Part. 
Now in Order to know whick is the Middle Part, ob- 
ſerve, if the Things given and required lye together, the 
Middle of them Three is the Middle Part, as ſuppoſe 
ACand A B were given, and Angle A required ; here, 
becauſe the Things given and required lye together, Angle 
A being the middlemoſt of the Three is the middle Part, 
or if A had been given, and A C, or A B ſought, the 
middle Part would have been the ſame becauſe they lye 
together. But when the Three Thinzs concern'd in t 
Queſtion are digoyned, that which ſtands by itſelf is the 
middle Parts. As ſuppoſe A B and A C were given, to 
find B C. Here A B and B C lye together, (for the Right 


Angle at B makes no ſ{cp:ration) and A C is ſeperated by 


the Angle A and C which have nothing to do in the Que- 
ſtion, therefore A C ſtanding alone is the middle Part. 
The middle Part being thus known, the Salution of right 
angled Spheric Triangles are perform'd by one univerſal 
Propofition, vis. | 


he Sine of the middle Part with Radius is equal to . 


the Tangents of the adjacent Extream; and with the Co- 
Sines of the oppoſite Extreams. That is, | 
As Radius, to the Tangent of one of the Extreams 
conjunct, ſo is the Tangent of the other Extream conjunct, 
to the Sine of the middle Part. : 


Alſo, as Radius, to Co-Sine of one of the oppoſite 


or disjunct Extreams, ſo is Co-Sine of the other Extream 
diejunct, to the Sine of the middle Part. 
| Y Whan 


7 


— 
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When the middle Part is fought, then Radius muſt be in 
the firſt Place of the Proportion ; but if one of the Ex- 
tream Parts be ſought, then the other Extream muſt be in 
the Firſt Place, and Radius in the Second or Third Place, 
it matters not which. - 


i Illuſtration. 


ſhall ſet down the Quantities of each Part thereof, with 


their Complements, together with their Sines, Tangents, 7 
Ec. of each Part deſign'd as a Help to the young Student 
for the right Underſtanding of this moſt Uſeful Part of 


the Mathematicks. | 


— _— 


m—_— 


Sides and Angles. | Sines, | Co-Sines, 


— 


AC = 66317 oo"[9g.9624527 9. 6004090 
ERS 32 oo [9.8937452[9-.7938317 


— 5o 09 52 [9.8852967 |9.8065773 
[Angl. $© = 56 50 55 [9.9228440[9.7378698 f 
* JS £8 30 49 [9.9312925 | 9.7166767! 


Sp Tangents. | Co-Tangents, 


| . — 


3 


1— — 
— 


| 


AC 10.6320437 | 9.6379563 

CB 10.0999135 | 9.9003459 

AB 10.0787190 | 9.9212810 

C 10. 1849771 9.8150229 
.& 


10 2145127 | 0.284843 
— mrmrmmm—_ — 
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In the right angled Spherical Triangle A B C, I have 


| mewn how AB and A C are Extreams conjunct, or ad- 


jacent 


* 


| 
1. 
2 
4 
1 


y 
o 
* 
F 
o 


In this Synopſis of the foregoing Triangle A B C, 1 
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jacent to the Angle at A, and that A C and Angle A and 
C are always Complements : Therefore by the Fundamen- 
tal Axiom, or Catholick Prop-fition. The Co-Sine of the 
Angle C, added to Radius is equal to the Co-Tangent of 
A C, added to the Tangent of C B, which is briefl 
expreſſed thus, viz. CS CTR SCT. A CTT. 
CB, in Numbers, thus, 


CS. C= 56 go" 35 29.737 8698 
Radius 90 © 00==10,0020000 


Bm - '- | - 19.7378698 


CT. AC = 66 31 oo =—=9.6379563 


T. CB = 51 32 co=10.0999135( 
| —— — he ſame 
Sum = - -» 19.7378698 Jas above. 


Secendly, The Angle A is the Middle Part and required, 


therefore from the above Equation, this Analogy will ariſe, 
viz. | | 


As R: T. AB:: CT. Ac: CS: A. 


Or, AsR:CT.AC::T. AB: cs. A, the Middle 


Part and Thing required. 


Again by the Second Part of the Fundamental Axiom : 
Let AC and CB be given, to find A B, here the Side 
ſtanding alone is the Middle Part, *tis an oppoſite Ex- 
tream, and this Equation will ariſe, viz. CS. AC TR 
=CS AB + CS. CB. Now becauſe one of the 
Extreams disjunct, is the Middle Part, therefore the other 
Extream, viz. C B muſt come firſt in the Analogy, Ra- 


dius in the Second Place, and the Middle Part in the 


Third Place; or Middle Part in the Second Place, and 
Radius in the Third, it matters not which, becauſe tis 
all one if we add the Second Term to the Third, as if we 
add the third Term * Thus, 41 
1 | 


| 
. 
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As Cs CB: R:: CS: AC: cs CB. 
Or, As CS CB: CS. AC:: R CS A. B. 


De Equation Illuſtrated. 
CS. A C 66 31! = 9.6c04090" 


Radius - - 10,0000000 
g — — 
Sum — - 19.6004090 3 


CS, AB 50 g' 3 9. 8068773 
CS. CB 51 32 o = 9. 7938317 


J xadevgces) The time 
With the other above * 5 


Note, When a Complement in the Proportion falls upon 
a Complement in the circular Part, you muſt take the Sine 
itſelf, or the Tangent itſelf, becauſe C'S of CS. = S. and 
CT of CT = Tangent. 


- Illuftration. 


In the Triangle A B C, page 240. Let AB and Angle 
C be given, to find Angle A. This is an oppoſite or dis- 
junct Extream, and C is the Middle Part, (becauſe it 
ſtands alone) and becauſe the other Extreams fall upon 
CS, the Angle A becomes a Sine for the Reaſon above. 
Thereſore CS. C + R=SA+CS AB. 


Analogy. 


AsCS AB Joe og! 52!) - - g.8065773 
To Radius 90 oo o - 10.0000000 
So CS. C — 56 50 55 - - 9g.7378698 


To S. A - - 58 36 49 - -  9.9312925 


That this Work may want nothing. to make it plain to 
e meaneſt Capacity, I ſhalt here put down the Equa- 
tons 


_ 
» 
7 

2 
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tions and Proportions of five adjacent, and five oppoſite _ 
WT Eatreans, 


1. The Five adjacent Extreams, 
In the Triangle A B C, page 240, 
Given, J © * & To hd CB. 


Equation, S. CB +R=T.AB+CT.C. 
Proportions As R: CT. C:: T. AB: 8 


CB. 
4. Given, 1 8 To find A B. 


Equation, S. AB T R= T. CBT CT. A. 
Proportion, As R: TC B:: CT. C: SAB. 


3. Given, $ 4 51 To find AC. 


Equation, CS. A+R—TAB+CTAC. 
Proportion, AST AB: R:: CSA:CT, AC, 


4. Given, 3 * 2 To find C. 
Equation, CS. AC + RS CTA +CT.C, 
Preportion, As CT A: R:: CT. AC: CT. C. 


© - 5. Given, $ CB J To fnd AC. 
Ezgaation, CSC R= CTA CTT OB. 


Here the Reader muſt remember what has been taught 
before, viz. that the Radius being a Geometrical Mean 
roportional, between the Tangent of an Arch, and the 
angent Complement of the ſame Arch: Therefore in 
any Caſe where Tangent or C T comes in the Firſt Term 
of the Proportion, you may change it into the Second 
Place and put Radius in the Firſt Place. As for inſtance, 
in the Third adjacent Extream, the Proportion is there as 
T. AB to R: You may fay, as Radius is to the C T 
A B, and ſo of any other where Tangents come in the 

Proportion, ', ; 
Y3 | | Of 
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LY Ras: Of the Five oppoſite Extreams. ; by 


Equation, CSA +R=—=$S:C.+CS. CB. Wn 4 


2. Given.$ CF Fro fd AB. 


Equation, CS.CA+R=CS.CB+CS. AB. 
Proportion, AS CSCB:R::CSAC:CS A3. 


3. Giyen, $ 0 J To find AC. 


Fauation, SAB+R=S AC + $.C. % ” 
Proportion, As 8, C: AB:: R: AC. * 


Here Co-Sines fall upon Co- Sines, therefore I take the MF ! 
Sines theinſelves. poi 
| anc 


4. Given, 7 7 To find A C. 


Equation, CS, AC+ R=CS, AB + CS, CB. 
Proportion, ASR:CSAB::CSCB:CS, AC. 


5. Gives, 4 a 5 To find AB. 


Fyuatcin, 8, AB+ R=$SAC+S,C. F 
Proportion, ASR:SAC::SC:SAB. | Far 


Let the Young Student as he goes. over theſe ten Ex- =" 

treams, draw Triangles upon his Slate, or on waſte Paper, 1 
and mark the Parts given and requited, as expreſſed above, 
and this will greatly help him to the Knowledge thereof. 
What we have ſpoke hitherto has been of Sines and 
Tangents only, but if the Reader pleaſes, he may uſe 
Secants alſo ; and for the doing of this let him obſerve thar 
in Fig. page 192, are theſe Proportions, vi, * 
3 | 1. A 


A 
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1. As the Tangent is to the Radius, fo is the Radius to 
the Co-Tangent. | | 
2. As the Sine is to the Radius, ſo is Radius to the Co- 
3. As the Tangent of an Arch, is to the Tangent of 
Fan Arch; ſo is the Co-Tangent of the latter Arch, to the 
Co-Tangent of the former. | 
As the Sine of an Arch is to the Sine of an Arch, 
© is the Co-Secant of the latter Arch, to the Co-Secant 


EXAMPLE. 


In the firſt Caſe of the oppoſite Extream, Jet it be re- 
3 nuired, to work the ſame by Secants. | 


Pier, CB 51 32', < C 27 gol 55, to Hd the Argle 
| at 


X Firſt, You are to obſerve - that for a Sine in the Pro- 
portion, you muſt always add a Co-Secant and Contra, 
and in this Caſe it will be, . 


= 


<A 
"= 
.=x= 
= 


As Co-Sec. < C'56® go! 55! 10. 0771560 
To Radius . 90 oo oo + 1c.c000000 
So CSC CB 31 32 co 9.793837 
ToCS<A 58 36 49 - 9.7166757 


£ 
« * 
_ ; 
" * 
* 
* 
7 
* * 


And in like Manner may any Analogy, conſiſting of 
ines and Tangents, be perform'd with a Mixture of Secants, 
(Martin's Trigorometry, Vol. II, page 103.) by inverting 
and tranſpoſing the Terms of Analogy. But theſe Things 
are more for Curioſity than Uſe. 


2. The Doctrine of Ruadrantal 7 riangles. 


What a Quadrantal Triangle is, has been already ſhewn, 

and here is to be obſerved that the three Parts that lye 

WF fartheſt from the Quadrantal Side are Noted with their 

W Comp/ements. As in the right angled Spheric Ti iangle 

AB C, the three Parts, viz, A C, Angle A and Angle LL 
whic 
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which lye fartheſt from the right Angle at B are Noted | 
with their Complements ; ſo likewiſe in the Quadraatal |# 
Triangle A C D, the three Parts, viz. AC, AD and] 
Angle CAD being moſt remote from their Quadrantal |* 
Side C D, are Noted with their-Complements, for D A is 
the Complement of AB to a Quadrant, and the Angle 
CAD is Complement of the Angle CA B to a Semi- 


circle or 180 Degrees. And here the Univerſal Propoſition 


holds true, viz. that the Sine of the Middle Part and Ra- 
dius is equal to the Tangent of the adjacent Extream, and 
to the Co- Sine of the oppoſite : Alio the Middle Part is | 
found by it ſtanding alone, as in the right Angle has been 


explain 


the following Table. 


or the Learners further Im provement herein, I ſhall 9 
ſet down the Quadrantal Triangle with all it's Parts, as in 4 


I 


" Tm Wy (wu I 


1 1 1 


— 


2, 
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2 „ F 
22 — 


Sides and Angles, Sines. | Co-Sines. | 
| | | 
CD - __ $0* oo! oof to. oοο | 
DB go OO oo [10.000c0co | 
DA - 38 28 oo| 9.793831719.8137452| 
AB - 51 32 ©0o| 9.0913745219.7933317 | 
BC - 50 9 529.885 2967 9.8065 773 
AC - 66 31 ©o | 9.96245271[9.60240gof 
CAD - 123 9 5 | 9.92284401[9+-7378698} 
DPA . 5o 9 529.8852967 9.8065773 
ACD < g31 23 119.7166767 [9.9312935 
ACB - 58 36 49 | 9.932925 [9.7166767 
CAB — 56 50 55 | 9.922844019.7378698 

ABC - 9o CO oo [10.:0000-09 | NY 


1. In the YE Triangle A C D, let C D A be 
o ꝙ 52", and ACD 31? 23' 11, I demand the 


Side DA ? 
= Equation, 5D + R=cii+DA+trec 
Analogy. 
As t C 31 83 11 - 9.7853343 
To Radius 90 co co - 10.9000000 
GED -£©o 09 ©: ::- 9.8852967 


ToctDA 33 0 ©. 10409991 24 


2. Another Example ſhall be of an oppoſite Extream, in 
the Duadrantal Triangle C DA. 


f Let the Angle A D C be = 50% gl 'g2!!, and A D= 


38? 28', I demand the Side C A? 
Equation, cs, AC +R=c 5C + c: D. 


Analog y. 


As Radius go? col on - 10.0000000 
To S. AD - 38 28 co. - 9:7938317 
80 QS. D 30 9 52 — 9.8065773 


10 C8, CA 56 31:00: - een 


— CO ee nt wm ARIES Ia.» + - 
. —— * ,_ "— — — 
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In this Triangle CD A, the Side C A is a Middle 
Part becauſe it ſtands alone, being ſeperated by the Angle 
D AC, therefore Radius comes in the firſt Place in the 


—— 


Nc. 
>» 


Analogy. And here the Reader may obſerve that all |} | 
Queſtions in Quadrantal Triangles may be ſolved in the | 


right angled Spheric Triangle ABC. As for inſtance, in the 


laſt Queſtion where D and D A are given, to find A C, be- 


cauſe CD and D B are Quadrants, the Side C B is the | 
Meaſure of the Angle D, and DA is Complement of | 


A B to a Quadrant, therefore in the Triangle AB C, 
we know AB and BC, and A C is required: From 


which this Equation doth ariſe, cs AC +R = CS 
ABT Cg. - I 


| Analogy. 


As Radius 90 oo! oo! <- ro.coococo i 
ToCS AB 51 32 o - 9.7938317 
80 C8 BC 50 9 52 - 9.8005773 
ToCSAC 66 31 oo 960804090 


This gives us the ſame Anſwer you ſee as when it was 
folved in the Triangle C D A. All Spheric Triangles 
may be projected Stereographically, and the Sides and 
Angles truly laid down and meaſured; and in this Work 
there are but three Kinds of Circles, viz. 

1. The Primitive which is always drawn with the 
Chord of 609. | 

2. A Right Circle, and this always paſſes thro” the 
Center of the Primitive, cutting it at right Angles, and 
is the ſame with the Diameter of the Primitive Circle. 

3- An Oblique Circle is that which neither lyeth in 
the Primitive Circle, nor in the Diameter, or Right 
Circle, but cuts them both at Oblique Angles, and the 
Points of it's Interſeftion with the Primitive are always 
oppolite, ſo that a Line drawn from one Interſection to 
2 will paſs through the Center of the Primitive 

ircle. 

"mo are laid upon the Primitive Circle by the 
Line of Chord. And ſo any Quantity of the Primitive 
Circle is meaſured by the Chords alſo, as 38 28' from Z 
to P in the following Scheme. | A | 
. ny 


Of Oblique Spherical Triangles. 25% 


= of a right Circle, as HO, & 2, SP, 
by the half Tang-nts ; and the Degree 


= down by the Secants. 

And the ſeveral Parts of Oblique Circles, or their 
Angles are meaſured, by reducing of them to the Primitive 
Circles from their Poles. 


III. Of Oblique Angles Spheric Triangles. 


RITERS on this Subject generally reckon twelve 

Caſes, the ten firſt may be relolved by the Univer- 
fal Propoſition 3 if firſt the Oblique I riangle be reduced 
into two right angled Spherical Triangles, which may be 
done by letting fall a F erpendicular, which will ſome- 


times fall within, and ſometimes without the given Tri- 


angles, and to know when it will fall within, and when 
without, obſerve. 


- 
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Let the Perpendicular fall from the End of a given Side, | 
being adjacent to a given Angle. Whether the Perpendi - 
cular fall within or without the Triangle, it muſt alway: Þ 


be oppoſite to a known Angle. And the Perpendicular | 
thus let fall, either divides the Oblique angled Triangle, 


AZ into two right angled Triangles, A Z B, BZ P, 


or produces two by adding of one to it A DP, and Z DP, 


by adding of one right angled Triangle Z DP, to the | 


Oblique-angled Triangle A Z P firſt given. If in the 
Oblique Triangle A Z P, there be given AP, Z P, and 
AZ P, to find A Z, here the Perpendicular Z B cannot [ 


be let fall to be of any Service in this Caſe, therefore the 


Perpendicular muſt fall without the Triangle, as A E, or 
P D; for in the Rect-angle Triangle AZZ, AZ may be 
found, or if the Side A Z be continu'd to D, till AZD 
is a Quadrant, and let fall the Perpendicular D P, ſo that 
it may paſs through the Poles of the two Oblique Circles 
at Fand G, the Angles Z DP, and APD will be right; then 
in the Rect-angled Triangle zZ DP, ZD may be found, which | 
is the Complement of A Z to a Quadrant. And thus by 
forming of other Triangles» adjacent to the given Oblique 
one, may the Things required be found: As for inſtance, 
in the Oblique angled Spherical Triangle, let there be 
given AP = 99®, ZP = 382 28', and the Angle A Z P 
== 150? to find A Z Therefore in the right angled Sphe- 
ric Triangle Z DP, it will be; 


As ZP - 38% 28!) < 10.0999135 

To Radius - go oo - 10.0COCCAO 

So PZ D 30 0 — 9.937530 

To t. LD 34 32 9.837617 

Now AD = 9o = 2D = 34* g2' = 4 Zz 55° 28' as 
was required. Or it may be found in the Triangle A ZE Z, 
for there is given E 2 — 519 32), and the Angle A Z A 
== Zo, it being the Complement of the Angle A Z P, to 
a Semicircle, therefore I jay, 6 

As t, EZ = 51 32! 100.0999135 

To Radius = go OOo - 10.000000 

So cs FZAZ 30 0 — 9.9375306 

To ct AZ = 55 28 - 9g.8376171 the fame 
a8- before. And for the Benefit of the young over, : 
B | a 


Tangent Ci half the Differ 
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call here ſet down all the Parts of the Triangles A Z P, 


and alſo of it's adjacent right ones A E Z and Z DP, 
1. In the Triangle A Z P. 


APS de oo 


Z P = 38 28 
AZ 55 28 
AZP= 150 oo | 


APZ = 24 19 ZP D=65® 41! 
PAZ = 18 o7 = DP 


2, In the Triangle A E Z. 


EZ. = 5g1* 32 
AZ 1386 8 
AE = 24 19 
AEZ = 90 oo 
AZE = 3% oo 
AAZ == 71 53 
In the Triangle Z DP. 
ZP — 38? 28! 
. 
PD == 18 07 
©DOP: = 90 oo 
LZPD = 6; 41 
PZD = 30 oo 
There are 


four Axioms, by which all the Caſes, com- 
monly called 12, of Ob 


| lique Spherical Triangles are ſolved, 
which are theſe. 


Axiom 1. As the Sine of a Side, is to the Sine of it's 
oppoſite Angles, ſo is the Sine of another Side, to the Sine 
of it's oppolite Angle, Or, as the Sine of an Angle is to 
the Sine of it's oppoſite Side, ſo is the Sine. of another 
Angle, to the Sine of it's oppoſite Side. 7 

Axiom 2. As the Sine of half the Sum of two Sides 
including an Angle, is to the Sine of half the Differerce, 
ſo is the Co-Tangent of half th: contain'd Angle, to the 


ence of the ocher two Ang'es. 
2 2. As 
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2. As che Ce. Sine of half the Sum of two Sides, in. 
cluding an Angle, is to the Co-Sine of half their Dis] 
ference, ſo is the Co-Tangent of half the included Angle, 
| Arm Tangent of half the Sum of the other wo 
ples, | | 
Axiom 3. Firſt ſay, As the Sine of half the Sum of 
two Angles, is to the Sine of half the Difference, ſo is the -» 
Tangent of half their interjacent Sides, to the Tangent of [ | 
half the Difference of the other two Sides. This reſerve, 
and ſay again, "3 8 3 = 
Seeondly, As the Co-Sine of half the Sum of two Angle: dit 
is to the Co-Sine of half their Difference, ſa is the Tan- fl 
gent of half the interjacent Side, to the Tangent of half 
the Sum of the other two Sides, which added to the firſt 


Arch juſt now found, gives the Anſwer. This ſhall be wi 
more fully explain'd in the next Chapter. rec 
Axiom 4. As the Rect-angle of the Sines of the two 4 


containing Sides, is to the Square of Radius, ſo is the q: 
Rec- angle of the Sines of half the Sum of the three Sides, | © 
and of the Difference of the Sides oppoſite thereto, to the | M 
Square of the Co-Sine of half the contain'd Angle 
ſought. rw 

 _ Theſe four Axioms comprehend the whole Buſineſs of 

Spherics ; yet by Help of the Catholick Propoſition in 
Rect- angular Triangles, and the Homogenea/ in the Oblique, 
the four Axioms will be much ſhortned and made plain and 
caly to the meanelt Capacity, 

When the Perpendicular is let fall in, or without the 
Oblique Triangle, proceed to find what you are ſecking, 
in one of the right angled Triangles, which being done, the 
next Thing is to proceed to a ſecond Analogy, thereby to 
find the Aniwer to the Queſtion, and this is eaſilieſt done 
by the two Homogenea/ Parts, or Things of the ſame Kind 
in each Triangle, by comparing them with the Vertical BW th 
Angles, or with the Baſe, for they are proportional. 48 O 
ſuppoſe in the Triangle A ZP, the Perpendicular Z B re. A 
duces it into two right angled Triangles, A B Z, and h; 
PB Z, I fay, that in the Sines and Tangents of the Cir- B 
cular Parts, it will be, as AB: A:: BP: P. for by the th 
Catholick Propolition, | | 


% <O: m——_ r 4 TAs wry Ag INFO r 1 - be = — —_— "I 4 OS 


13 
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mt ABZ A BZ: RU] SAB A 
N In 2 BP g t BZ: R:: 8FP: :?. 


Therefore, As S AB: A:: 8BP: 7 P. 


Thus you ſee that having found according to the Con- 
dition of the Queſtion a Vertical Angle, or Baſe in the 


- firſt Operation, you muſt next proceed to order your ſe- 

hal Wcond Proportion aright among the Homogenea Terms; as 

fit Baſe, or Hypothenuſe, Cc. compare the Perpentlicular 

1 be with each Homogeneal Term, whether it be given, or requi- 
red in each Triangle, to diſtinguih between the Middle 

* Part and the Extream, and to fit the artificial Sines and 

the Tangents to them accordingly, Then reject the a 

1-: dicular and Radius in each Compariſon ; the Middle Part 

the nd Extreams in one Triangle ſhall be proportional to the 

ele Middle Fart and Extreams in the other. | 

* X , 

; of | EXAMPLE. 

in x | 

6: In the Triangle AZ P, let there be given the Angle 


APZ= 24 19/, AP = 90, and PZ = 389 29', ts 
bnd the Angle Z A P ? | 


he 

15 Solution. 

to * 

ne Let fall the Perpendicular Z B, ſo that it may paſs 
nd through the Pole of the Oblique Circle PBS, at G, and 


= then it will be. at right Angles to AP, and reduce the 
3; 8 Oblique Triangle A Z P into two right angled Triangles 
7 AB Z, and PB Z; Now in the Triangle PB Z, we 
d have known BP Z, and Z P, as above, to find 
r- BP, the Segment of the Baſe AP, and Angle BZ P, of 
e te three Parts, BP, P and Z P; P is. the Middle Part, 
becauſe it is an adjacent Extream, therefore c5 P +R =, 


BP +cikZP. 
| Z 2 Analegy, 


In 
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| Analogy, For BP. 


G 0 


As eZ? = 38% 28 10.099913 
To Radius = go oo - 10. O O00 Ws 
SocsP = 24 19 9.95965 c 
S == $5. $4. + 9-85974% WNT by 
From AP = "ie" Wc: 
Remain AB = 54 06 % 

Secondly, For the ſecond Analogy we are to confider $ . 

where the Homozeneal Parts lye in each Rect-angle Triangle, 
therefore I make Uſe of the Perpendicular Z B in both A 
Triangles, then if Z B. BP and P be the three Terms, .. 
it is an adjacent E:tream, and BP is the Middle Part, As 
and conſequently is a Sine, and the Angle P is ct. 
Again in the Triangle A BZ, I make Uſe of the Per- A 
pendicular Z B, A Band Angle A, here the three Thing: A 
made Uſe of lye together, and A B is the Middle Part, ch. 
Angle A (which I am ſeeking) is an Extream conjunct, and 6 
is t. Therefore I ſay the Homogeneal Parts are P, P ;, 5 
B A and < A, now according to the Catholic Propoſition, 
becauſe A B and BP are Middle Parts, they are Sines, and f. 
the Angles at A and P are Co-Tangents, and conſequentiy 
are Things of a like Nature. Theſe Things being known 

As S. BFF 389 54' Co Ar. 6.2318265 ' - 

e 10.3449888 e 
80 8. AB 54 ob -  9.9085073 = « 

Tort<A. - 18 o©7 100.4853226 = } 
And by the fame way of Reaſoning may the firſt Ten Ill | 
Caſes, (as they are called) be reſolved, whether the Per- ; 


pendicular be let fall within, or without the Triangle. 
£8 View of the firſl Ten Caſes. See Fig. page 251. 


- Caſe 1. Given C A, AP ad Z P, to find CZ. This 
Þ ſolved by Axiom 1. | | 

Caſe 2. Given, <A, <P, and Z P. to find AZ. 

This is ſolved by Axiom 1. 5 
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Caſe 3. Given Angle A, A Z and Z P, to find Angle 
Z. The Perpendicular is let fall from the obtuſe Angle 


z e. within the Triangle, and is ſolved by the Homo- 
mY peneal Parts T3 £7 ; 
Caſe 4. Given Angle A, A Z and ZP, to find A P. 


SET he Perpendicular is let fall from Angle Z within, as in 
Ca z. 
I 0 5. Given, Angle A, A Z and AP, to find Angle 

P. The Perpendicular falls as in the 3d and 4th Cafes. - 
= Cale 6. Given, Angle A, A Z and AP, to find Z P. | 


>a e Perpendicular falls as in Caſe 3, 4, and gs. | 
be G Caſe 7. Given, Angle A, Angle P, and A Z, ty find 
AP. The Perpendicular falls as in Caſe 3, 4, 5» 6. 
mls Caſe 8. Given, Angle A, Angle P, and A Z, to find 
ar, Aigle Z. The Perpendicular falls, as in the 3d Cafe, vc. 
, Caſe. 9. Given, Angle A, Angle P, and Z P, to find 
"WH AP. The Perpendicular falls without the oblique Aa 
5 A P, vis. by continuing the Side A Z. to D a Quadrant, 
y then from D let fall the Perpendicular D P, to paſs thro? 
7 G the Pole of the oblique Circle SA P. Therefore the 
; firſt Proportion will be, | 
* As R: t<ZPD::cs ZP: 14 PZ D. Sibtr, 
1 from 180 = < A ZP. Then ſay by Axiom 1. 
— ASSEA:SZP::$S<Z: SAP. 


= Cale 1c. Gives, Angle A, AZ, and Angle AZP, to 
P. Continue the Side PZ to & and 'tis then a Qua- 
= drant, draw E A, therefore in the right angled Spherical 
Triangle A ZE Z, there are known, E Z. A, it being the 
Complement of the Angle AZP to 180, and AZ, to 
find A A, which is the Meaſure of the Angle APZ, 
becauſe EP and A P are Quadrants : The Angle EA Z 
i allo known, it being the Complement of the given 
. Angle ZAP to a Quadrant, then for E A = Angle 
EP A, ſay by the firſt Axiom, as 


As Radius = $99* of -. - 10,C000000 
Te S AZE 35 28 9958200 
bs SOS. EZ A = 30 00 =  9.6989700 


To S. AA == EA 24 19 - y.6147900 


Z 3 Caſe 
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Caſe 11. Given, The Three Sides, to find an Angle. 


Here the Perpendicular Z B falls within the given Tri- 
angle A Z P, from the obtuſe Angle at Z upon the longeſt 
Side A P, the Baſe as has been before directed. Then, in 
order to a Solution of this Caſe, 

Firſt, Take the half Sum of the Baſe AP. 

Secondly, Take the half Sum of the other two Sides, 
viz. AZand ZP. 

Thirdly, Take the half Difference of the two ſhorteſt 
Sides, viz. of AZ and Z P. 

Then ſay, As the Tangent of half the Baſe or longeſt 
Side, viz. AP, is to the Tangent of half the Sum of the 
other two Sides, ſo is the Tangent of half the Difference 
of the two ſhorteſt Sides, viz. AZ and Z P, to the Tan- 
gent of half the Difference of the Segment of the Baſe, 
7. e. The Diſtance between the Place where the Perpendi- 
cular cuts it, and the True Middle of the Baſe, which 

added to the half Baſe, gives the greater Segment = AB; 

but ſubtratted from half the Side or Baſe AP, gives the 
leſſer Segment = BP; then if you would find the Angle 
included between the Baſe and the greater Side, ſay, as 
Radius to the Tangent of the greater Segment of the Baſe, 
ſo is Co Tangent of the greater of the two leſſer Sides, ro 
the Co- Sine of the Angle included between the Baſe and 
the greater of the two lefler Sides. 

But if you would find the Angle at the End of the Baſe 
adjacent to the leſſer of the two other Sides, then ſay, in 
the Second Analogy, . 

As Radius, to the Tangent of the leſſer Segment, ſo is 
the Co Tangent of the leaſt Side, to the Co-Sine of the 
Angle included between the Baſe and tie leſſer Side. 


S:: | ; a 
EXAMPLE 


In the Triangle A Z P, Let AP = 90, AZ = 589 28) 
ZP = 38? 28% what are the Angles ? | 


Operation. 


* 


3 
% 
1 
ke, 
+ 
Wo, 
2 
+4 
'£ 
1 
* 
w_ 
4 
4 
1 
A 
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Operation. 


. Baſe AP = 9oꝰ 
E AZ = g55* 28' AZ = 55% 28 
= 22? = 38 28 LP = 38 28 
8 6 Diff. 
9 . 
*, 2 == F 58 z=z - = $8 30 


ſt Now jay, 

ſt As f. 4 Sum Baſe 45 oo Co. Arith, g. 

de To t. 4 Sum Sides 46 58 — 10.0298376, 
1 So t. 2 Diff. Sides 8 30 - 9.1744988 
Ns To t. 3 Diff. Seg. 9 6 - 9.2043363 


4 Baſe = 45 oo 


Sum, greater 8Seg. 54 c — AB. 
Diff. = leffer Seg. 35 54 = BP. 


Secondly, For the Angle Z AP. 


As Radius == 90? o 10.0000020 
Tot. AB = 54 ob 10. 1403339 
So Of. AZ = 55 28 9.8376755 
ToCS. A 18 06 99780094 


L421), For the Angle A PZ. 


= 90 oo 10.0000000 
To t BP == 35 54 98595561 


f 33 28 10 0999135 
To CS. <P = 24 20 9.9595796 ® 


. - | „ 1 8 „ 0 . - — 
* * FRE” PF AIDE fs FS INES * 
1 n, | Nee * 3 * » * * * * 4 OE * 1 
„ 5 \ OS: — 


Axrci ber way to work this Caſe, 

gl * | | 

Take half the Difference of the two Sides, containing 

the required Angles, and add to it half the Side oppoſite 

to the Angle required, alſo ſubtract it from the fame, 

No:ing the Sum and Difference: Then ſet down * 
| 1 
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Sides containing the required Angle, and to them the Co- 
Arith. of their Artificial Sines, and under thoſe the Arti- 
ficial Sines of the aforeſaid Sum and Difference, the half 
Sum of theſe Logarithmetic Sines, ſhall be the Artificial 
Sine of half the Angle required. | * 

Or in the firſt Part of the Work, which is better, from 
the half Sum of the three Sides, fubtratt the two Sides in- 
cluding the Angle required, theſe Differences will be the 
ſame with the Differences gained by the firſt Part of the 
Rule above. With which Work as has been taught, and 
the true Anſwer will come out, as will appear in working 
the laſt Example overagain, | 


The Work Hand] thus, 


In the Triangle A Z P. Given, the three Sides, to 
find the Angle Z A P? 


| AP == go oo! 
Sides including C Z AP{AZ=55 28 


Difference * 34 32 
Half = $7 - IO 
Z P = 389 28' Hal = 19 14 
Sum - - S," 6 36 0 
— - +5 DIES bs 
- Or, £ econdly, Thus, 
AP 909 oof 
AZ - 28 
27 38 28 
"IS. = 183 $6 3 
= 91 58 Again 91 58 
& 9o o AZ = tos 28 
— —[—ä—ę——b'' 


G eee 


G ü r 
Ln Ne ts Sy % « 4 N * * Aer 
*. N | J . F4 
8 +» N 


ag 3 CE * "IS — Tun 
ha et 43 n 8 OST. en back r 
8 2 3 I — Ss e r 
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S. AP = 90% oo! Co Arith. 9.999999 
S. AZ = 55 28 Co-Arith. 0.0841799 
9. Differ, = 36 30 - 9.7743876 
8. Differ,= 1 58 - 8.5355228 
Sum = 3 18.3040 
Half & = 9g 9.1970451 


Doubled = Angle 2 A P = 18 7). 
Secondly, For the Angle APZ the Work ſtands thus, 


AP. = goꝰ oo 
AZ == 55 28 


LP = 38 28 

Sum = 183 56 | 

Half = 91 88 Again 91 587˙ 
AP = go oo ZP = 38 28 


— — 


Diff. = 1 58 Diff. = 53 30 


S. AP = 900 oo! Co-Ar. 9.9999999 
8. ZP = 38 28 Co. Ar. 0.2061683 
S. Differ. = 53 30 9.9051787 
S. Differ. = 1 58 8.5355228 
Sum = - - - - - 18.6468697 
Half = 8. 12 91121 93233445 
Double = 24 19 = < APZ. as before. 


Caſe 12. Given, the three Angles to find a Side. 


This is juſt the Converſe of the 11th Caſe, and may be 
reſolved in the ſame Manner, for if either of the Angles 
adjacent to the Side required be turn'd into a Side, (that 1s 
only taking it's Complement to 180) the Work is the very 
ſame as in the 11th Cafe, as I ſhall make more clear by 
Example. Let the three Angles of the A AZ be as be- 
fore, viz. A 187% Z 1509, and P 24 191, I de- 
mand the Side AZ? Firſt I ſhall turn Ann ne 
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jacent to the required Side, viz. A and Z into Sides, by 
taking their Complements to 1505. +1 
Now fee the Work. 
A = 161 53] Angle Z — 30? ool 


=.150 00 Angle A= 18 7 


11 33 X. = - vv 499 
Half = 5 FL: Half — 5 562 
Half Angle oppoſite to AZ - = 12 91 


dam 11 6 
Diff. 6 13 


Or find the Requiſites thus, as in Caſe 11. 


. 

8 
Ama 
> I N 

| 

I 

+. 

x 


Half = 36 13 Again 360 131 
=" 426 os A218 7 

= 5 * . l * 

X T 


Here you ſee the Requiſites are the ſame with the other 
Method above. 


Angle Z — 430? 00! Co- Ar. 0.3010299 


2 — r uM! NN ”. "#9 «4 1 - 
W > * 28 8 4 2 0 - » - — 
n TITEL Y 1 N 
5 e 7 EE TT TE 


8. e 
8. Angle A 18 07 Co- Ar. 0.507305 C: 
S. X => 18 o6 = 9 | 
8. X = 6 139.0345825 

Sum — nn” — 19.3352261 
Half Sum 8. 27 43+ 9.6676130 to 


Doubled = 55 27= AZ, as was required. 


Lebly, Lex the Angles be as before, and the Side A P 
required? 
Set 


—— 


1 6 WG Wis 


er 


dee 
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. Ser the Work. 


Angle Z turn'd into a Side 30 v0' 
% =. >. "24 79 


Angle a»  - = v$. 7 1 » 4 
0 —— 
Sum — - 72 26 
Halt "Ze - - - 36 13 Again 36® 13! 
A 3 189 — P 24 19 
| | — — — 
X EEC 18 6 X— 11 54. 


8. Angle P = 24 19' Co-Ar. 0.3853353 


S, Angle A = 8 7 Co-Ar, 6.507 3054 
8. X — 11 $4 - 9.3142975 
8. X . 9.492 3083 
Sum - - - - 19.699246; - 
Half Sum — S. 45 00 ' 9.8496232 


Doubled — 90 oo A as was required, 


Note, If to the Co-Arith. of the Sins of the two 
Angles adjacent to the Side required, you add the Sine of 
half the Sum of all the Angles, and the Sine of the Dif- 
ference between half Sum of the Angles, and Angle op- 
polite to the Side- required, halt the Sum of theſe Lo- 
garithmic Sines will be the Co-Sine of half the Side 
required. 

I ſhall conclude Spherics with the Solution of two ex- 
traordinary Caſes. 


Caſe 1. Given, Two Sides with the Angles oppoſite them, 40 
1. the other Side. 


The Celebrated Mr Edmund Gunter gives this Rule. 

As the Sine of half the Difference of the given Angles, 
to the Sine of half the Sum of thoſe Angles, ſo the Tan- 
gent of half the Difference of the * to the Tangent of 


half che Side required. 


EXAMPLE. 
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EXAMPLE. 


In the Oblique Spherical Triangle AZP, page 251, let 
have be given ZÞ = 58 28), AP = 90%. n = 
18* 7! Angle Z = 150%, to find the Side A Z! 


Operation, 


<Z= 1509 Oo - 150% oo'. APFgqo® of 
SA 18 O = 18 o. Z 38 28 

Sum = 168 o X = 131 53 X-=51 32 
Half = 84 035 Half = 65 56+ 4 25 46 


Now ſay, 


AsS.2X<< - 65® 581 30/9! Co-Ar. 0.0394669 
To S. + their Sum 84 3 30 - _ 9.9976606 
So T. + X Sides 25 46 00 — q9g.683678; 
T0 T. 4 Side required 27 44 4 97 208063 
Doubled = AZ = 55 28 8 as was required. 


Caſe 2. Given, Two Sides with the Angles e to then, 
to find the ether Angle. TR hen 


ADL. -: 

As the Sine of half the Difference of the given Sides, 
to the Sine of half the Sum of thoſe Sides, ſo the Tan- 
gent of half the Difference of the given Angles, to the 
Co-Tangent of half the Angles required, | 

| EXAMPLE. 

In the Oblique Triang'e A Z P, let A P be gov, Z 


3828, the C AZ P 1509 and that A 189 7% I demand 
the Angle AP Zz | Sk 


Operation, 


oY be 


11 ww A%S a 
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Operation. | 


AP = 909 oof go? oo! Z = 150% oof 
ZP = 38 28 38 28 A= 18 'o7 

—  — — — — 
X = 51 32 Sum128 28 XR "$2 "v9 
Half =25 46 Half 64 14 Half 65 56& *' 


Now ſay, 


As S. 3 X Sides 235 46! Co-Ar. o. 361803 t 
To S. © their Sum - 64 14 9.9545184 
$0 t. X X - 65 565 - 10.3502280 
To ct. of FXP = 12 9 40ʃ .16.6665495 
Doubled = <P · 24 19 20 


Caſe 3. In the Triangle A Z P. Let AZ = x65 280 
Z P — 38% 28' and the Angle included, viz. AZ P 
= 150®, I demand the Side AP? | 

The Perpendicular here is E A, by which means the 
Oblique angled Triangle A Z P is reduced into two right 
angled Spherical Triangles, viz. AZZ. and A P, both 
right angled at ; now in the Triangle are given, A 2 
= 55 28/, and the Angle E Z A = 30; it being the 
Complement of the Angle A Z P to a Semicircle, to 
find E Z By Tranſpoſition I ſay, R 


As Radius = ' 902? oof - 10 0000000 
Tor. AZ = 65 28 — 10.162324 
So c. EZ A 30 oo - 9.9375 306 
To t. . Z 81 32 - 10. 0998551 

Add Z P = 38 29 


* — — 


«Sum EP = 99 oo 


Now ' tis plain from the Projection that AP A P, 
and conſequently A P is found without any further Cal- 
culation to be a Quadrant alſo. 

But Secondly, If in this Cafe, we ſuppoſe AP < P, and 
Z. P to be given, to find A Z, the Peipendicular Z B 

will fall within the Triangle, then proceed to find the 

A a Segment 


\ 
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Segment of the Baſe PB, and then the Side A Z will 
come out as has been taught above. 


The Verſed Sine of an Arch is the Segment of the Dia- 


2 cut by a right Line falling perpendicular upon it, 
rom equal Parts in the Circumference, and number'd in 
the Diameter with 10, 20, 30, 40, Cc. to 180. There- 
fore the Natural Sine of any Arch taken from Radius wil 
leave the Arithmetical Complement, or Verſed Sine of 
that Arch's Complement ; thus, the Natural Sine of 40? 
6427876 ſubtracted from Radius = 10.000000 the Re. 
mainder — 3572124 is the verſed Sine of 50, alſo the 


Natural Sine of 60? = 8660254 taken from Radius 
10.000000 leaves 1339746 the verſed Sine of 30®, c. 


And for Arches above go we need no Natural verſed Sines, 
becauſe the Natural Sine of any Arch exceſs above 90, 
added to the Radius, is equal to the verſed Sine of the {aid 
Arch; thus the Natural Sine of 40% = 6427876 added to 
Radius 10 000000 = 1642787 S to the verſed Sine of 
139*, 


Alſo the Natural Sine of 13* = 2249511 
Added to Radivls& == _ go — 190000000 
Verſed Sine of - 103 = 12249511 
Again, The Natural Sine of i? 32! = 267585 
Add Radius = GO OO == 1000000 
Verſed Sine of 91 32 = 10.267585 


The Excellent Uſe of theſe verſed Sines will appear by 
the following Examples, for in all doubtful Caſes where th: 
Thing ſought is more than a Quadrant, here it is ſcen at 
one View. for if the Sum of the Logarithms exceed Ra- 
dius, then the Side or Angle enquired after, is greater than 

2 Quadrant, but if the Sum of the Logarithms be leſs than 
Radius, the Thirg fought is alſo leis than go, or a 
Quadrant. | | 

Thele verſed Sines are of great Uſe to calculate the Di- 
ſtance of Places on the Earth, according to the Arch of a 
great Circle, by having given their Latitudes, or Longi- 
tudes. Or the Diſtance of two Stars may be exactly 


ſound, or the Latitude of a Place may be had by the rt 
r tude 


n 


* 
* 


— _— OE Nn n — * ap xt 
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tude of the two Stars, or Sun, by knowning the Azimuth, 
orDifference of right Aſcenſions, 


& 


16 EXAMPLE. 

a | In the Triangle A Z P, page 251, there are known, 
7 AZ = 55* 28', ZP = 18%˙ſö28“ and the included 
K. = Argle A Z P — 150 to find the Side AP? 

d. r 

* : As the Cube of Radius, is to the Rect-angle of the 
% Lines of the comprehended Sides, ſo is the Square of the 
©, BY Sine of half the contain'd Angle, to half the Difference 
255 of the verſed Sines of the third Side, and of the Arch of 
=" By the Difference between the wo including Sides 


Which is thus, ſet down the Lozarithm Sines of the 
two given Sides, and of the Double of half the given 
Angle, the Sum of all three Logarithms ſhall be the Lo- 

ithm Sine of an Arch, then take out of the Tables the 
Natural Sine of this Arch, and double it, to which add 
the Natural verſed Sine of the Difference of the two given 
Sides, this Sum is the Natural verſed Sine of the Side 
ſought. 2 


© 
_y 


r * g 
- 4 


Operation. 


= 1 T3 1 * eK 9 ——— 8 r 


The AZ = 535 28/ L. Sine 9. 9158200 


y Sides. 2 ZP 8 28 L. Sine 9.798317 
* 5 2 given < double L. Line 75 119.9698876 
at : 5 
Lsg. Sine of 28 34 9.6795393 
Natural Sine of 28 34 Double = 49563620 
M given Sides 17 60 V. Sine = .0436952 
The Side A P go oo V. Sine = 10. 000572 
:| EXAMPLE Il, 
15 Given AP = 90, ZP — 38 28ʃ, and the Angle 


AP Z = 24 19, required AZ ? 
Aa 2 Operation] 
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Operation. 


The & AZ =q0® oo Log. S. 10.0000000 
Sides. T Z PD 38 28 Log. 8. 9.7938317 
Half Given C129 9˙/ doub. Log. S. 18.649740 


Logarithm Sine of 1 35 = 8.408057 
Natural Sine of 1 35 = Doubl. = 552618 
X given Sides 51 32 == V. Sine = 3779407 
The Side A Z= 55 28 = V. Sine = 4332025 


-EXAMPLE III. 


Given, A P == 90% AZ = 55% 28, and the Angle 
ZAP = 18*® 6', required Z P? 


Operation. 


- a AP = 90? cool Log. S. 10.0000000 
Siges 12 AS 55 28 Log. 8sS. 9.91 58200 
Half given < 9 zt doubled == 18.393439 


Log. Sine of 1 10 2 8.3092 592 


——— 
Natural Sine of x 10 double = 407216 
X given Sides = 34 32 V. Sine = 1762035 


TheSideZP =38 28 V. Sine 2102035 


If you would find the Verſed Sine of an Arch or Angle, 
See page 202, 


- ; CHAP. 
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CHAP VII. 
Of ASTRONOMY. 
DEFINITION. 


STRONOMY is deriv'd from two. Greek 

Words, viz. After, a Star, and Nomos a Law, or- 
Rule, It is a Science which by infalliable Demonſtration, 
teaches us the Motions, Diſtances, and Magnitudes of the 
Heavenly Bodies; their Revolutions, Anomalies, Aplelions, 
Eccenericilies, Elongations and Parallaxes of the Planets, 
Eclipſes of the Luminaries, Occultations of the Primary 
Planets and fixed Stars by the Moon. As alſo the Riſing, 
Culminating, Setting, and Amplitudes, and in ſhort what- 
ever belongs to the right Underſtanding of the true Syſtem 
of the World; (Sce my Uranoſcopia.) Of which there 
are Eight ſeveral Sorts, (but only one true), of which I 


mall firſt give a ſhort View, 


t. Plato the Divine Athenian Philoſopher, travelled into 
Egypt and there Learned 4/tronomy, about 420 Years before 
Chris, invented a Syſtem, in which he makes the Earth 
the Center of the World immoveable, ſurrcunded by the 
Air; next above that he imagines the Element of Fire; 


| then the Sphere of the Moon ; next above the Moon, the 


Sun; then Mercury; then the Orb of Yeras ; next above 
her, Mars ; then Jupiter, then Saturn, and above Saturn, 
the Fixed Stars, W 
2. Anno Dom 135, Flouriſhed the Great Pralany; there is 
a Syſtem goes by his Name, which has the Earth placed in 
the Center of the Univerſe immoveable : 'This he ſuppoſes 
* {urrcunded by Air, and the Air to be ſurrounded by the 
Element of Fite, next above this the Sphere of the Moon, 
next above the Moon is the Orb of Mercury, then Verzs, 
Aa z then 
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then the Sun; next above the Sun the Orb of Mart; then 
10 iter, and the higheſt of all the Sphere of Saturn; and 
ſuppoſes all the Orbs to be ſolid, and the Fixed 
Stars ſurrounding them all. | 
3. Porphyrius a Follower of Plate. Flouriſhed 37; 
Years after ('hrift, agreeing with Plate in all Things, 
only in this, he placed Venus next to the Sun, and Mer- 
cury between the Orbs of Venus and Mars, theſe three 
Syſtems are all compoſed of Concentric Circles. 
4. The Egyptian Syſtem was embraced by Fitruvizs, 
artianus, Capella, Macrobius, Beda, and Argol, about 
the Vear 1638; this Syſtem is compoſed of Eccen- 
tric Orbs, for they make the Earth fixed, and the Center 
of the Moon, Sun, Mars, Fupiter, and Saturn, and the 
Fixed Stars; but the Sun the Center of Venn, and Mer. 
cury interſefting the Sun's Orb twice, if this Syſtem were 
true, tis poſſible they would meet the Sun in his Way, 
what would be the Conſequence of ſuch a Salutation is well 
known to Aſtronomers. | 
$: In the Year 1572, Flouriſhed Tychbo Brabe, a Dean 
and Lord of Knud/tborp, in the Iſland Schonen; He con- 
trived a Syſtem. as a Mean between the Pto/omaick, and 
Copernican, in which he ſuppoſes the Earth fixed in the 
Center of the Univerſe. Concentric to which is firſt the 
Sphere, or Orb of the Moon, next that of the Sun's An- 
. nual Motion ; then the Sphere of the Fixed Stars, the 
Sun being the Center of the other Five Planets. The 
Orb of Mars interſecting the Sun's Orb twice and an op- 
Poſition is nearer the Earth than the Sun itſelf, and Saturn 
and Jupiter in Oppoſition, are rearer the Earth than 
Venus is when in Apogeon ; The Orbs of Venus and Mer- 
cury are drawn as it were two Epicycles to the Sun's Orb, 
both of them interſecting it twice; now according to this 
It is poſſible for the Sun in his Way to meet with Mars, 
(like two Coaches in a narrow Lane, ar Street of the 
City, when there is not Reom to paſs) the Conſequence 
of tuch a Joſtle, I leave to be diſcu-'d by Aſtronomers. 
6. John Baptiſt Ricciolus, of Ferrara in Italy, àbout 
the Year 1651, breach'd a New Syſtem, in which he makes 
the Earth the Center of the Moon, Sun, Jupiter, Saturn, 
und Fixed Stars, all moving round her and ſhe at 1eft ; and 
the For weirg ron. d the Carth he males ile Cener af 
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Mercury, Venus, and Mars all moving round him, in 
which the Orb of Mars cuts the Sun's Orb twice, he has 
Jupiter's four Satellites, and the two innermoſt of 
Saturn's. 

Theſe two laſt Syſtems ſuppoſes the Heavens, or Zthe- 
rial Regron, to be pervius, fluid, and of a thin, liquid, 
and tranſparant Subſtance, like the Air we breath in, but 
more pure, and not conſiſt ing of ſolid Orbs, as the Peri- 
pateticks, and thoſe of the Pto/omaick Schools affirm. 


P * 2 wy . * 
S N Fro hs Ie 
. TE S tame BI 


MILIAN 
S 


P 


2055 7. Roflinus publiſhed a Syſtem at Nuremberg, in the 
Out Year 1661, a ſtrange Piece of hotch-potch Stuff, made up 
en- of an unaccountable Quantity of Eccentric Circles, bearing 
ter no Teſtimony of Truth, and not fit to be once named. 


Theſe Syitems are all exploded. | 
8. Laſtly, We come now to the moſt celebrated, and at 
this Day, moſt generally received, Mundane's Syſtem, named 


y, from it's Reviver, Nicholas Copernicus a Native of Thorn in 
ell Poliſh Praſſia: He was born Anno 1 473, died Auro 15 43, only 
ſee the firſt Sheet of his Works Printed, as faith Fontinelle. 
11 { This Syſtem was firſt invented by Pythagoras 509 Years 
before Chriſt, (fee Mercur Menelin:), the Reaſon we don't 
d give 3 place according to his time, is, becauſe we 
de would ſpeak of that laſt which will be molt laſting, or 
de durable. For in this Syſtem we ſee as in a Glaſs, the 
Beauty of the Univerſe diſplay'd; here are neither ſolid 
ic 3 Orbs nor Epicycles, but every Thing appears in a demon- 
le ſtrable Order. . 
. : Fift, We find the Sun the Center of the World unmove- 
„able, having no Circular Motion, but a Central only 
na bout it's Axis in the Space of 254 Days, which was dif- 
covered by the Teleſcope. This Syſtem is made up and 


adorned with Seventecn Bodies, which we ſhall ſpeak of 
in the following Order, and firſt of the Sun. 

All Philoſophers and Aſtronomers now agree, that the 
Sun is a formal fiery Body, conſiſting of a true pro 
Elementary Fire; partly liquid, partly {olid. The Liquid 
being an Occan of Light, and moving with fiery Billows, 
and flaming Ebullitions, as is manifeſt to thoſe who look 
at it thro' a Teleſcope. 

The Sun is fix'd upon the lower Fi, or UVnbelici, at 
zo, at that End towards B, in the Ellipſes, page 153, 
and with his Law, that the Areas dclcribed by Lines 
Gian 
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drawn from the Earth, (which moves in the Curve A C, 
B D, round the Sun) to the Sun. ſhall always be equal, 
and in equal and proportionable Times. And from this 
Figure, *tis alſo plain, that the Sun's Diameter will ap- 
pear greater when he is in Pergeon which is a little after 
the Winter S9//tice. viz. December 18, and is then 32 44!!, 
and leſs when ſhe is in ber Apogeon which is a little after the 
Summer Solſice, June 18, for then the Sun's apparent Dia- 
meter is but 31! 38!! as is found by Obſervation ; and this 
difference in his apparent Diameter is a manifeſt Proof that 
the Earth moves in an Ellipſis and not in a Circle. 

The Length of the Tropical Year, or the time the 
Sun apparently runs thro' the 12 Signs of the Zociect is 
365 4. 5 5. 49107“; and if to this we add the Annual 
Anticipation of the Equinoxes 500 turn'd into Time — 
20' 171! 2741, we ſhall have for the Length of the Syderial 
Year 365 4 65. 90 4 , 

The Angle of the Inclination of the Planes of the 
Ecliptic and Equator, or the Sun's greateſt Declina- 
tion, (commonly called the Obliquity of the Ecliptic,) 
hath always been invariably the ſame, viz. 23® 297“. And 
the Sun's Horizontal Parallax, (that is what the Earth's 
Semidiameter appears to be to an Eye at the Sun) is no 
more than 10! ; and from hence is proved the vaſt Di- 
ſtance of the Sun from our Earth, for as all Objects are 
beheld under a certain Angle, (See page 183), therefore it 
muſt neceſſarily follow that the leſſer the Angle that any 
Object is ſeen under, the greater muſt be the Diſtance 
of that Object from the Eye of the Obſerver ; from hence 
it is plain that the Earth's Semidiameter appearing under an 
Angle of ſo imall a Quantity as 10, the Diſtance of the 
Sun from our Earth muſt be 82183140 Eng/iþ Miles ; 
and this we fetch from the Moon's Horizontal Piraliax 
571 3o'', of Sir Jae Newton's Theory gives the Moon's 
mean Diſtance from the Earth 2382 12, then by a Recipro- 
cal Proportion lay, | | 

| Mites. Mites. 
If 57 301! : 23812 :: 10!" : 82183140, 


And he is 238309 times bigger than our Earth; his & po- 
geon this preſent Year 1739 is S 8? 24/ 19", e 
0 1 72 
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His ap-(Hourly Motion o o 21 2% ga fil 
rent Diurnal Motion o o 59 8 20 
ean, (Annual Motion 11 29 45 39 51 


— — ac. 1 
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Of the Sun's Eclipſe, 


HE Word Eclipſe ſignifies a Deprivation, or Want 
of Light, and that in either the Sun or Moon: 
The Eclipſe of the Sun is very improperly called ſo ; for it 


4 may rather be ſaid to be an Eclipſe of the Earth, or that 
the People inhabiting the Earth are deprivcd of the Sun's 


Light for a Time ; when at the ſame 'Time the Sun looſ- 


a ing no Light in reality, but by the Interpoſition of the 


Moon between the Sun and the Eye of the Spectator, the 
Sun ſeems to them to be eclipfcd, as to thoſe People living 


: at (a), (in the following Figure) the Sun will ſeem to them 


at (4) he will appear to be totally darkned, to thoſe 3 
to be only eclipſcd inpart, and to thoſe at {c}) there wil 

be no Eclipſe at all; and all at the ſame Moment of 
Time: An Eye at the ), will ſee the Sun free from 
any Eclipſe, but will behold the Earth part dark. | 


, 1692 Parts, ſuch as the mean Diſtance from Earth is 
4 1000000 i : 
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This Diverſity of A/pe# is cauſed by the Parallax of 
the Moon. The Word Parallax ſignifies Variation or Di- 
verſity of Aſpect, but in ¶MHronomy it is the Angle that i 
made at the Moon by two Lines, one drawn from the 

- Earth's Center, and the other from a Superficies, interſe- 
Cting the Moon's Center, and being continued amongſt tlie 
Fixed Stars, ſhe will appear there conſiderably lower than 
ſhe will to an Eye at the Earth's Center, and the nearer 
unto” the Horizon. that the Moon's is, the greater is her 
Parallax at that Time, and conſequently her Horizontal 
- | | | Parallax 
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Parallax, is the greateſt of all other. In this Scheme 
let N O be the viſible Horizon, A B the True; let E F 
repreſent the Moon's Orb, H the Earth's Center, G the 
Superficies: I ſay, an Eye at H will behold the Moon a- 
mongſt the Fixed Stars at I; but to him that views her 
at G, the Earth's Surface, will ſee her at K; therefore the 
Argle G) H= TI )K is the Angle of Parallax : 
Of which there are ſeveral Sorts, but the Parallaxes in 
Longitude and Latitude are what are chiefly uſeful in the 
Sun's Eclipſe, as now practi ed. The Horizontal Parallax 
is the greateſt, be ng equal to the Angle GLH. The 
Parallax of Mar's is = Angle H & G, being leſs than 
the Moon's Parallax when they have equal Altitudes, be- 
cauſe Mars's diftance from the Earth is greater than that of 
the Moon's ; when a Flanet is in the Vertex at V, there 
the Parallaxes vaniſh. | 


- 


0 
e n 
C E H F P 


There are Four Sorts of Paral/axes in the Calculation 
of a Solar Eclipſe, viz. the Horizontal, the Parel/ax, 
in Longitude, Latitu7e, and in Altitude; if the Lumina- 
ries at their Conjunction appear not in the Nonageſſima 
Degree, but betwixt it and the Zaftern Horizon, then the 
Time of the viſible Conjunctioa will be accelerated, and 


vill be before the Time of the true; and the Time of that 


Difference will always be proportional to the Para//ax of 
Longitude at that Lime: If the Luminaries be conjoin'd 


in che Nonageſſima Degree, then the true and viſible Con- 


Junction will be Coincident: Laſtly, if they be conjoin'd 
in 
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in the occidental ' Quadrant, that is between the Nona 
geſſima Degree and the Weſtern Horizon, then the viſibl, 


Conjunction will be retarded proportionably to the Parallu Þ 


of Longitude at that Time; when we ſpeak of the Nona- 
geſſima Degree, you are not to underſtand it to be the 
Culminating Point, but that Degree of the Ecliptic 
which is go? diſtant from the Horizon, except when 
Cancer and Capricorn are upon the Meridian, and then 
the Culminating Point, and Nonageſſima Degree arc 
Coincident. | 

Secondly, By the Parallax of Latitude is determined the 
Quantity of a Solar Eclipſe ; for to all thoſe People that 
live in Northern Regions, if at any Conjunction of the 


Sun and Moon, her Southern Latitude exceeds the Sum of 


the Semidiameters of the Sun and Moon ; I fay by 
her Parallax in Latitude, ſhe will then be depreſſed below 
the Sun's Limb, and conſequently the Sun will be free 
from any Eclipſe to us at all : And this is the Cauſe that 
ſo many Conjunctions of the Sun and Moon paſs us in 


England, and we ſeeing ſo few viſible Solar Eclipſes. The 
ſame Reaſon hold in the Southern Parts, when at the Con- 
junction the Moon has North Latitude. Now fince it is 
the Moon that is the Cauſe of the Sun's Eclipſe, (as we 
have noted above), - ſhe being a dark Body of the fame 


Species as our Earth, and alſo very near Spherical, a8 i 


proven by her Shadow, which is a perfect Cone, now thu 6 
onical Point reaching further than our Earth, therefore 


this Shadow upon the Earth, Diſk is a Conic Section, 


viz. an Ellipſis, which we ihall ew by and by whe 


we come to ſpeak of the Penumbra : The Reaſon that the 
Sun is not Eclipſed at every Conjunction or New Moon, 
is becauſe the Moon moves not in the Plane of the Eclipric 
8 B D, but in an Orbit & A & C making an Angle 
therewith of 5 i) 2o!', and this Interſection of tbe 
Ecliptic and Moon's Orb, is always exactly in two oppo 


ft 
av 
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fite Places, ¶ ce Diagram below,) or juſt ſix Sines aſſunder, 


NORTH 
bs 


and theſe Interſections are called the Nodes of the Moon, 
cheſe Nodes have a Motion of 3' 11"! every Day in Antece- 
dentia, or contrary to the Succeſſion of Signs, that is from 
Aries to Piſces, &c. and this is the Cauſe why the Eclipſes do 
not always happen in the ſame Place of the Zodiack, for 
che ſame Eclipſes that happen now, will again happen 19 
ears hence, but differ both in Time, Quantity, and Place, 
but the Period of Eelipſes is ſomething leſs than 19 Years, 

ig. it is only 18 y. 11d. 7h. 43 15“, in which Time 


the Nodes move 11 S. 18 43 38!!, as above. This we 


$ ſhall demonſtrate more plain from the Diagram above, 
for if at the Time of the true Conjunction of the Sun 


and Moon, they happen to be within 1899: 10! : 41˙ 
of either Node, either before or after them, that is be- 
tween FE, or G H, the Sun will then be Eclip ed, other- 


ways not, and this I call the Ecliptic Boundaries; other- 
ways at the viſible Conjurct ion, the Moon's viſible Lati- 
Jude muſt be leſs than the Sum of Semidiameters of the 


Luminaries, or the Sun cannot be Eclipſed at that Time; 


cheſe are the Laws which God Almighty gave to the 
BY : 


Heavenly 


— . 
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. Bodies at the Creation, which Laws are con- 
nt, uniform, and regular with ut variation. 


Of Eclipſes there are four Sorts, viz 1 Partial, 2. Totil 


without continuance. 3. Total with continuance. And lallly, 


Annular. | 

1: Partial, is when Part of the Sun's Diameter is ob- 
ſcured from ſome particular Tract of the Earth, and theſe 
happen more frequent than any other, 


2. Total without tontinuance, is when at the Time of 
the viſible Conjunction the true Latitude of the Moon is 


equal to her Para//ax in Latitude from the Sun, that ß 


the Center of one is exactly ſeen in the Center of 
the other, and then alſo their viſible Diameters are equal, 
that ſo the Sun is no ſooner hid from our Sight by the 


dark Body of the Moon, but very ſpeedily he is ſeen to 


recover his Eight on the other Side, | 
3. Total with continuance, is When at the viſible Con- 


junction the Eclipſe is central, (which is always when the 


North Latitude and Para lax are equal) the Moon is in 
Perigeon, and the Sun in Apogeon, then the apparent Dis- 
meter of the Moon exceeds that of the Sun, and this 
Exceſs can never amount to one Minute, ſo that the Total 
Darneſs of any Solar Eclipſe can never exceed 4' or 5 in 
Time, an Inſtance of this Nature we had in the Year of 
qur Lord 1715, ia which the Total Darkneſs at London 
was no more than 3“ 20'!, the like having not happened 
at London for 575 Years before, which was in the {i 
Year of the Reign of K. Stephen, Anno 1140, on Wene/- 
day, March 20, it began at London, at 38 37" pait Noon, 
and continued 3 h. 1' 7!', it's Total Darkneis 1 make to 
be 3* 36" and Digits 129 51. 

4. Laſtly, Aanular, is when the viſible Central Con- 
junction, happenech the 'Sun being in Perigeon, and the 
Tow in Apogeon, here the Diameter of the Sun excces 

t of the Moon, and contequently there, will then be a 
Ring of Light round the Moon, An inſtance of this 
Nature we read was oblerved at Rome, by Chri//op/er 
Claviuc, April q, at Noon, Arno 1557. 

That the Sun's Eclipſe always begins on the Welt Side, 
and goes off, or ends on the Eait Side of his Body, this 13 
a.moſt manifeſt Truth becauſe the Moon (who 1s always 
due Caule of his Obicurity) n viag in ber Annual Motion 

| | always 


| 
| 
| 


Con- 


Total 
ailly, | 


oh- 


theſe 


e of 
In 13 8 
at ſo 


and laſt leave his Eaſtern. 
Sun's Diameter into 12 equal Parts, which they call Di- 
gits, ſo that if we ſpeak of a Digits or Finger's Breadth, 
ni is no more than 4{; Part of the Sun's Diameter, 
The Eclipſe of the Sun does not agree to any particu- 
lar Place on the Earth, but only to that Latitude and 
Longitude, for which it is calculated by Reaſon of the 
ſudden Change of the Moon's Paral/ax above-mentioned. 
(See the Scheme page 275.) 


Of ASTRONOMY. - 279 
always in Corſequentia, or according to the Order of the 
Siens muſt of ncceſſity firſt touch the Sun's Weſtern Limb, 


Aſtronomers have divided the 


the Sun. 


"to 


Bb 2 


To calculate the Total Shadino of the Moon 
on the Earth in the Sun's Ecifſe. 


N this Scheme let $ be the Sun, B the Moon, and G the 
Earth, in which we are to find DE F, that is the Space 
that the Moon's Shadow falls upon in a Total Eclipſe of 


- 
7 
3 i 1 N | 
8 F 2 — 
3 » . *. 


In the Triingle HG F, we have gi he $i | 
le , we have given the Side G F, 
the ** 8 Tamiie mer, GH the Diſtance of the Earth 
Pa Þ -1 4. of the Moon's Shadow, (which how to 
8 4 ſhewn towards the End of this Chapter) 
819, and the Angle GH F, equal to the Sun's Semi- 
meter, to find the Angle GF H. Be 
Suppoſing the Sun in Perigeon. 
| See the Work. 
A F 1 Semidiamer 
— al O. ooOOOOO 
4. 8 — H F, Sun's Semidiameter 16! 220 7. 6774984 
. 27G - - 1.019 0.008174: 
To 8. GF H 8 16 40 7.68 56726 
Now 


Þ MM bs 


— 
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Nowy the Angle E GF=GHF + GFH=335! 2" 
by Theorem 3, and ſuch is the Arch E F, whoſe double 
— DF 1® 6! 4" X 69.5 = 74 Miles, and ſo far on the 
Farth will the Sun's Eclipſe appear Central and Total, 
when the Moon is in Perigeon. 


14, 1748, from my Syftem, by the New Equation, in 
my Uranoſcopia, == Time true G 13 d. 23h. 28! 25“. 
© and ) in N 29 42! 340. | 


& 2 2 C Beg. 1748, Fuly 13d. 21h. 4! 
* 3 Viſible 6 - 22 39 
SE © 4 Greateſt Obſcuration 22 40 
n 0 
5 8 J / Total Duration - 4.1 
2 3. J( Digits Eclipſed - 10 2 


on the Upper Side of the Sun. 
The Uſe that may be made of Fclipſe, is very great for 


determining the true Longitude of Places both at Sea and 


Land, for having anEclipſe truly calculated to any particular 


8 Place, as ſuppoſe London, having this Calculation with you at 


Sea, c. at the Beginning of the Eclipſe you muſt care- 


fully obſerve the Time, as we will ſuppoſe it to be at 


e 
b. „ 


20h. 29147 PM, at London by our Calculation it begins at 
21 h. 4 5%, the Difference is 35 8" which turn'd into 
Time — 8 47 Ol, by which I am aſſured that J am 


then ſo far to the Eaſt of the Meridian of London. 


wt 1 — A ˙ AAA * 


The Calculation of this General Eclipſe ſtands thus, - 


and in this we have-no: hing to do with Parallaxes at all, 
we have here given the Tunes and Places of the Paſſage 


of the Penambra over the Farth's D;ſk, which are gain'd 


by Trigonometry, (See my Uranoſcopia) only, in finding 
of which we are to obſerve, when we have gained the 
Time of the true Conjunction from Aſtronomical Tables: 
If then, I fay, the Moon's true Latitude exceed the Sum 


of the Semidiameters of the Penumbra and Earth's Diſk, 


the Sun at that Time will be Eclipſed no where upon 
Earth, but if leſs, then it will; the Semidiameter of the 
Penumbra is ever equal to the Sum of the Semidiame ters of 
the Luminaries, and is nothing elſe but that faint Shadow 


which encompaſſeth the perfect Shadow of the Moon, 


Bb3z' | aud 


% 


— 


1. To Exerciſe the young Tyro in theſe Matters, 1 
ſhall here ſubjoin the Times of the Sun's Eclipſe, 72 
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and is the Penumbra, ſo that we at London at the Time 
of this 0 are not immers'd into the perfect Shadow, 

but in the Penumbra + Now this diminiſh'd Light which 
encompaſſes the Shadow every Way is call'd the Penumbra. 


The Eclipſe is ſeen to begin in the Supream Point of his 
vertical Diameter as follows, 


The Times of the General E clipf at London. 
Eo D. h. I 11 


= Beg. at © Riſing, 1748, Fuly 13 20 26 29 
8 Central Eclipſe begins © Rifing 21 40 34 
'S In the Meridian - | Si 
£ | Nonageſlimal Sun - 23 19 49 
5 3 \ Middle - - - 7 
A. = | Central Eclipſe ends at © ſetting 1 9 40 
<E Ends at © ſetting - 2 23 45 
| — 17 16 


De Places where this General Eclipſe batpens is thas. 


Lat. Long. 
Sun's begin Eclipſe at Riſing 35 9g'N, 51 1 W. 
Riſes Centrally Echpfed 45 23 76 17 W. 
Centrally Eclipſed in Meridian 51 38 14 13 E. 
Centrally Eclipſed in Nonageſſ. 48 479 29 8E. 
Sets Centrally Eclipſed 10 30 76 22 E. 
Ends at © Setting o 148. 53 59 E. 


Sun's Lower Limb touched by) Upper Limb beyond 
the Pole. Be 


Sun's Upper Limb touched by) Lower Limb 21 19'N, 
14* I 3E. . ; 


_—_—_——_———— 
— —_ 


II. Of Mercury, 


KTEXT to the Sun in our Syſtem we find nimb!c 
| he:P'd Mercury, he is ca'led an infer:o ir Planet. be. 
cane i. Orb is ircumſc:ibed by the Earth's O b, "2 L 


4 1 


- 


Dr. 


. LAS n "ho s * 9 2 
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Reaſon of his Vicinity to the Sun, he is ſeldom ſeen with 
the naked Eye, For at his greateſt Diſtance from the Sun 
when in Aphelion is no more than 28® 21 81! ; (See ny 
Uranoſcopia, page 65,) and when the Earth is in Aphelion 


and Mercury is in Perihelion, his greateſt Elongation from 


the Sur, (or Angle at the Earth) is no more than 17® 36! 
2", His Eccentricity is 7964, ſuch Parts as the Mean 
ſtance of the Earth from the Sun is o. ooo, and his 

Mean Diſtanee from the Sun 38242 ; his greateſt Diſtance 

from the Sun in Eng/ifþ Miles are 8 353439. his leaſt 

52914839, his greateſt Diſtance from the Earth is 

97171952 and his leaſt 49988985 of our Miles. He makes 

one Revolution round the Sun in 87d. 23h. 15 53H his 

Heliocentric Diurnal Motion is 4® 5! 32!), and hourly Mo- 


tion 10 13!! 5211", his Aphelion this preſent Year 1739, is 


# 13 17' 37'!, the Place of his Aſcending Node 8 
155 19! goll, and the deſcending Node, orm 155 19! 50't, 


fo that if his Geometric Latitude be leſs than the Sun's 


apparent Semidiameter, (which at a Mean Diſtance from 
the Sun is == 16! 511,) he may be ſeen with a good Tele- 
ſcope to make a black Spot on the Sun's Diſk ; the Times 
2 he may be ſeen thus, I have calculated, as here you 


* 


1707 April 24d. 12 h. of off 
1710 Ofeber 25 120 00 
1720 April 26 21 25 19 very near but did not 
1723 Oftober 29 6 24 17 touch. 
1730 Ofteber 22 5. 42 2; very near the dun. 
1736 October 31 o 4 8 ; 
1740 April 21 12 54 5 
1743 October 25 0 14 8 
1753 April 24 120 37 23 
1756 Ofeber 20 18 O 13 
1769 Odlober 29 11 41 53 


1782 November 1 5 20 34 

1786 April 22 20 46 81 3 
1789 Offeter 25 5 32 37 

1799 April 26 4 34 15 

The Inclination of his Otbit = 6? 59! 200. 


When . 
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When Mercury is in Conjunction with the Sun in the 
Upper Part of his Orbit, and near either Node as above- 
mentioned, he will paſs behind the Sun, and in this Caſe 
is always direct in Motion, Every thirteen Years he is 
nearly in the ſame Place of the Heavens. 


I. Of Venus. 


x 


TEXT above Mercury, is the glittering Planet 
Venus, who periorms her Revolution round the Sun 
in the Space of 224d. 16h. 49! 24". 


Her Eccentricity Parts - - - 50g 
Mean Diſtance from the Sun ditto - 72337 
Aphelion this Year 1739 m rn 
Inclination of her Orbit - 483 10 
Heliocentric Diurnal Motion — 18 
Hourly Motion - - - - 4 oo 
Place of her North Node 1 1 


Her greateſt Elongation from the Sun, is when the 
Earth is in Perihelion, and Venus in Aphe ion, for then 
the greateſt Side of the Triangle ſubtends the Angle at the 
Earth, and this Angle which is her Elongation, when at 
greateſt is 47 381 35 (See my Uranoſcopia, page Gt, 
but if ſhe be in Perihelion her greateſt Elongation can be 
no more than 44 56“ 14", and when ſhe is in either of 
theſe Poſitions ſhe is Direct. And every two Years, ſhe is 
Stationary, and Retrograde us at the Earth, and when Re. 
trograde, is always Occidental of the Sun. She ſtrays further 
ſrom the Ecliptic than any other Planet, for ſometimes ſhe 
will have 9 of Latitude to us at the Earth. 

Her greateſt Diſtance from the Earth is = 144017363, 
and leaſt Diſtance 15165311 Ege Miles: She turrs 

once round upon her A is in 23 Hcurs, as has been dif- 
covered by the Teleſcope. She is ſuppoſed to have an 
Atmoſphere, which reflects ſo ſtrong and glaring a Light, 
that her Body is rarely ſcen clear and diſtiu.a, without 


| applying 
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applying a proper Aperture to the Object Glaſs of your 
Faleſcope, then = may ſee her increaſe and > war | 
in Light, Horn'd, and Gi4bous as the Moon and Mercury 
are. This Planet alſo, as well as Mercury, when in 
Conjunction with the Sun in the Lower Part of her Orbit, 
and near one of her Nodes, (may be ſeen, by the Help 
Jof a Teleſcope) to make a black Spot on the Sun's Diſk, ' 
like a Patch on a Lady's Face, as I have found by Calcula- 
uon, and ſhall here ſet down, ; 


1639 Netemb. 24d. 3h.19! o obſerved by Horrex. 
1761 May 25 22 


44 2 
1769 May 23 16 10 25 J Retrograde. 


When this Planet is conjoined with the Sun in the upper 
Part of hef Orbit, ſhe is always direct in Motion, and if 
her Geometric Latitude be then jeſs than the Sun's apparent 
© Semi-diameter, ſhe will paſs behind the Sun. This Planet, 
bas well as Mercury) can never be ſeen at Midnight, but 
always either in the Morning or Evening; and when ſhe 
Wis ſeen in the Morning, ſhe is called the Morning Star, 
ind when in the Evening, the Evening Star: 
= Since theſe two inferior Planets, Venus and Mercury 
: 


. 


never recedes farther from the Sun than has been above- 
mentioned 3 Aſtronomers well know from hence that the 
Earth's Orb, circumſcribes their Orbics, and that they turn - 
about the Sun, ſometimes direct and ſometimes Retrograde, 
ſhewing various Faces, and are never in oppoſition, no 
not ſo much as a Quadrat, or Sextile Aſpect, which they 
would be if the Earth were at Reſt in the Center of the 
Univerſe, 2 


IV. Of the Earth. 


HE Earth is one of the Seven Planets, and is plac'd 
: in an Orb between Venus and Mars, ſhe makes one 
entire Revolution round the Sun in 365 Days, 5 Hours, 
1Mmmutes, 7 Seconds, e page 272) this is called the 

| | Tropical 
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Tropical Year, but the Siderial Year is longer by 20˙ 15" 


29H, my 1 is increaſed by the Proceflion of the 


Equinox; beſides this Annual Motion, which is always 
direct, and according to the Order of the Signs, ſhe has a 
Second Motion upon her own Axis from Weſt to Eaſt, 
which in reſpe& to the Fixed Stars, is performed in 
23 h. 56', - The Earth's Axis is inclin'd to that of the 
Ecliptic, in an Angle of 669 31“, and it's Figure is that 


of an Oblate Spheriod, ſwelling out towards the Equitorial, 


and flatted and contracted towards the Poles: So that the 
Diameter of it at the Equator, is longer than the Axis by 
about 34 Miles, as Sir //aac Newton has demonſtrated ; 
for the Polar Diameter, or Axis, is to the Equatorial one, 
as 689 to 692. Experiments alſo made on Pendulums, 
which require different Lengths to ſwing * * here 

and at the Equator do prove the ſame Thing Our Coun- 
tryman Mr Ries. Norw:o01d founi, by mealurirg from the 
Tower of Londin to the Middle of the Ci:y of Nit, in the 
Year 1635, that the Degree of the Arch of a great Circle 
upon the Earth's. Surface, contain'd 604 Miles; which 
Experiment agrees very well with that the French Aſtro- 
nomers have found it to be. According to which Meaſure, 
we find the Earth's Circumference 25035.84, it's Diameter 
7969.16, and the- Heighth of the Atmoſphere 47.12 
Engliſh Miles. Eccentricity 1692, Horizont al Parallax 
16! f diſtance from the Sun 82183140 as was faid 


in the Sun's Theory. For the Moon undoubtedly revolves 


about our Earth, and the Diſtance of the Sun is to 
that of the Moon at a mean Rate, as 20625, is to 60 in 
Earth's Semidiameters, and the Moon's Periodical Time, 
27 d. 7h. 43! 71!! the Periodical Time of the Sun, (if 
he moved) will be thus found, viz. 

As the Cube of the Moon's Diſtance from the Earth, 
inEarth's Semidiameters —=2 16000, to the Cube of the Sun's 
diſtance 8773681640625, ſo is the Square of the Moons 
Periodical Time 27, . (omitting the Hours) = 729, to 
the Square of the Moon's Periodical Time, 29611175537 
whoſe Square Root = 172079 Days = 471 Years, an 
ſa long would the Sun be in performing one Revolution, if 
he moved, and the Earth fixed in the Center of the World, 
as Plolomy, Tycho, and their Followers vainly imagine. 
By which the Controverſy between our true Syſtem, * 

F 


4 


| 
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Al the other falſe ones is abſolutely determined in favour 
of the N and the Earth's Annual and Diurnal 
Motions for ever unqueſtionably eſtabliſhed. 

That the different Heats of our Seaſons of the Year do 
not depend upon the nearneſs of the Sun to the Earth, 
but upon the Sun's Rays falling more direct, or more 
oblique upon us; for in the Diſtance of 82 Million of 
Miles, a little approach of the Earth to, or it's Receſs from 
the Sun, will make no ſenfible Alteration as to Heat or 


Cold, 


The Sun's Meridian Altitude at London, 


Fane 10 61 67 

March 100: 38 28 
Dn. September 12 mM 33 28 

December 10 14 59 


From hence it is plain, that the Sun's Heat in Winter 
muſt be weakeſt, becauſe then the Angle is more acute 
than it is in June, and the Rays falling moſt-oblique on us, 
the ſame Quantity of Rays are {catter'd over a greater Space 
of Earth, and conſequently it muſt be colder there than 
where the ſame Quantity of ſolar Rays poſſeſs a leis Space 
or Earth; beſides the Sun's Rays paſſing through a greater 
Part of the Atmoſphere in the Winter than in the Sum- 
mer, they muſt be more weak and faint in the firſt, than 
in the latter Cale, . 


————————— 
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Of the Equation of Time. 


0 HE Daily Revolutions of the Earth's Equator 


round it's Axis are exactly equal in Times to one 
another, and yet the Time from the Apparent Noon of 
one Day to that* of the next, is unequal, and ſometimes 
greater, and ſome:imes leſſer. | | 


And 


| 


= — — — — 
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| 
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| 
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| 
| 
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And there is a double Cauſe of this Inequality ; Firf' 
That the Plane of the Ecliptic doth not lye in the Plane 
of the Equinoctial, but makes an Angle with it of 232 29 
the Difference between the Sun's Place in the Ecliptic, and 
his right Aſcenſion in the Equinoctial turn'd into Time, 
by allowing Ag, to an Hour, and 1 to 4! in Time, and 
ſo proportionably for a leſſer or greater Quantity, which 
in the firſt and third Quadrants of the Ecliptic is to be 
added, but in the ſecond and fourth is to be ſubtracted. 

The ſecond Cauſe is the Earth's annual Orbit, not being 
a Circle, but an Ellipſis, therefore With the Earth's Mean 
Anomaly, the Ecliptic Equation is taken out of it's proper 
Table in my Syſtem, and reduced into Time as: before, 
by allowing 15? to an Hour, &c. gives you the Second 
Part of the 1 ye of Time, which if the Mean A0. 
maly be leſs then ſix Signs it addeth, if more ſubtracteth, 
to or from the equal Time gives the Apparent ; now if 
both theſe Parts add, or both ſubtract, their Sum, other- 


- wiſe their Difference, is the abſolute Equation of Time. 


Which applied to the equal Time, according to the Title 

of the greateſt Part, gives the Apparent Time ; but to 

8 the Apparent Time to the equal, uſe the contrary 
itles. | 


EXAMPLE. 


Anno 1739, June 5, at Noon equal Time, I demand 
the true Equation of Time ? | 


Operation. 


| Sun's. Place at Noon is 1 24 44! 52 and the Mean 
Anomaly from my Tables 11 S. 159 56/ 21". 


Sun's Place U 24 44 52 gives «+ «qd FUR s 
Anomaly 11 15 56 21 gives - 131 - 


Diff. is the true Equation of Time = 0 3+ 


— 
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nd 


Days in t 
differ moſt, which are theſe, with their Difference. 


$0 that this Day at Noon if your Clock or Watch be 


o be obſerved for any Day in the Year by the following 
Table, which (as a Mean) is calculated for Second paſt 
Leap Year, and may ſerve (for common Uſe) this Age, 
without any ſenſible Error, Here are four Days in the 
Year in which the Sun and Clock are together, viz. April 
4, June $1 Auguft 20, and December 13; there are four 

in the Year, in which the Sun and Pendulum Clocks 


January 31, Equation 147 49" Clock too faſt, 
May 4. 4 5 Clock too flow, 
uh 15, 5 57 Clock too faft. 
Ofober 22, - 16 13 Clock too ſlow. 


See the following Table, 
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rue, it will be 3!! flower than the Sun ; and the ſame is 


* 1 1 — 
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A Table of Equation of Time, for regulating of 
Pendulum Clocks with the Sun. 


. 7 | May. — 


5 
tn 
837 
225 
12 
1 
81 
be 
3 N 
89 
A | 
2 ; 
— f 
w 2 { 
24 1 
5 | 
LY : 
83 : 
24 | 
** | 
| 
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A Table of Equation of Time, for regulating of 
Pendulum Clocks with the Sun. 


F July. Augu? | eptem. 19.261 


Fapey 54 
54 8244 15 
124 5 1414 3 


Vovem. [Decem. 
* 1 


E 
; 


5 
15 164 
4 
3 


34(5 43}. 
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This Table ſhews you what the Sun gains or loſes of 
the Pendulum Clock every Day in the Second paſt Leap 
Year, the Pendulum Clock keeps equal Time all the Year 
round, though the Sun doth not do ſo, but is very unequal 
in it's Apparent Motion, ſometimes too faſt, at other 
Times too flow, as the Table plainly ſheweth * So that if 
at any Time you want to ſet your Clock or Watch by the 
Sun, look into this Table a ſee what the Equation is on 
that Day, and ſet it accordingly ſo many Minutes and Se- 
cords more or leſs, as you ſee by the Table, the Clock is 
co ſaſt or too ſlow for the Sun, 


EXAMPLE. 


Favery 17, I fce by this Table that the Clock is 14) 

z too faſt for the Sun, then looking upon a good Sun 
ial, I ſet my Watch or Cleck ſo much feſtcr than the 
- Time is, by the Sun Dial, and then 'tis right. Again, 
en Auguſt 29, I ſee by the Table the Clock is too flow 
2! 530 therefore ſet your Clock and Watch ſo much be- 
kind the Time ſhewn by the Sun Dial and tis right; 
Noe Examples in a Thing ſo plain are needleſs. | 

There is nothing more eaſy and ſimple than the Motion 
of the Earth, bccauſe it accounts for Appearances of Day 
ard Night, in an caſy and Natural Manner; for as the 
Earth revolves from Weſt to Eaſt in 24 Hours Time nearly, 
it makes the Sun appear to do ſo from Eaſt to Weſt in th: 
ſameTime; and makes it Day to thoſe Places of it's Surface, 
which are turned towards the Sun, and Night to ſuch who 
are on the oppoſite Part of the Globe. 

The Twilight is that dubious - half Light, which we 
perceive before the Sun Riting, and after Sun Setting. "Tis 
occaſioned by the Earth's Atmoſpere, and the Splendor of 
the tber which environs the Sun; but becauſe of many 
accidental Variations in both the Sun and Earth's Atmo!- 
rt it cannot be always of one Degree of Duration or 

rightne(s; yet it uſually holds in the Evenings *ll the 
Sun is 18 Degrees below the Horizon, and appears fo long 
before his Riſing in the Morning. And where the Parallel 
of the Sun's Declination cuts the Parallel of 18, th:re is 
Jſhewn the Time in the Projection of the Sphere, when the 
1 wilight begins and ends: For by a true Vn 
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ef the Sphere, it will be eaſy to determine in any Lati- 
tude, where the Parallel of Declination cuts the Parallel of 


to be perfect Night, and alſo when perſect Night begins again. 


| EXAMPLE. | 

Suppoſe I would know in the Latitude of 51 32 N. 
me Day when it ceaſes to be perfect Night, and alſo the 
Day when the Parallel of Twilight cuts the Parallel of 
189, for that is the Day when it begins to be perfect Night 


again ? 


Horizon is 90% + 18 = 108 the Diſtance of the Parallel 
of Twilight from the Zenith, from this Sum = 108, ſub- 
tract the Complement of the Latitude of the Place, and 
the Remainder is the Sun's Diſtance from the North Pole, 
or Complement of his Declination ; ſeek this in the Tables 
of the Sun's Declination, in the Months between March 
and Jure, and where you find it is the Day that it ceaſes 
to be perfect Night, look again in the Months after June, 
and before September, and where you find the Sun's De- 
clination, that is the Day that perfect Night begins again, 


Operation. 


Sun's Diſtance 4 Zenith, when Day breaks 108% © 
Co- Lat. ſubtract — - - — 38 28 
Sun's Diſtance à North Pole - - 69 32 
Complement = Declination North - 20 28 


In the Tables of the Sun's Declination, I find this to 
anſwer to May 11, and July 11, between which two 
Days there is no perfect Night but Twilight, for all that 
Time the Parallel of the Sun's Declination never touches 


the Parallel of 189 below the Horizon. 
EXAMPLE IE 
For Guernſey, Latitude 49® 36' North. 
Sun's Diſtance from the Zenith = 10892. © 
Co. Latitude ſubtract — . 40 24 
Sun's Diſtance from North Pole - (7 36 


Complement = © Declination North 22 24 
(c 2 | The 


180, and from thence to determine the Day when it ceaſes 


Firſt you are to conſider that from the Zenith to the 
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The Days for anſwering this Declination O, are My 
24, and June 28, The laſt and firſt Appearance of per. 
dect Night in that Latitnde. 


EXAMPLE. III. 


At Madrid, Latitude 40⁰ 101 North, which are the 
two Days when the perfect Night ccaſes, and alſo wha 


perfect Night begins again ? 
Oper ation. 


Sun's Diſtance from the Zenith- - 1089 oof 
Co-Latitude ſubtralt =. « -- 80 
— 8 — 58 10 


This 589 10“ being leſs than the Sun's leaſt Diſtance 
ton: the North Pole 66 31“ proves there is perfect Dark- 
neſs at Midnight all the Month of June For the Para- 
lel of the Sun's Declination, never leaves the Parallel of 
the. Twilight. But at Petershbourgh in Ruffia, Latitude 
659 North, there is no Night but Twilight, from the 
Tenth of April, to the Eleventh of Aug aft. 


9 — 


THE Moon is a Secondary Planet, and reſpects ott 
1 Earth for: her Center; ſhe always accompanies our 
Earth, and therefore is properly called the Earth's Satel- 
lite: She performs one. Revolution round the Earth in 
27 d. 7 h. 43' 7, and in the ſame Space of Time by a 
range Correſpondence and Harmony of the two Motion, 
the revolves the fame Way about her own Axis, where 
one Motion as much conventing it to, as the other turns it 
—. the Earth, the ſame Side is always expoſed to ou 
Sight | a 


— 


The Figure of the Moon's Orbit is always changing, 


Is chat at one ime it is a long El /plis, at anothe! cims 
More ſhort, and nearer a Circle, by which her Eccentiicity 
| | | al 
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at one Time is 66782 in Apogeon, and in Perigeon 43319 
which are the Two Extreams, between which the 
Moon's Eccertricity is always found. See my Satellite 
Aſtronomy, page 16. Her mean Diurnal Motion is = 


13 10˙ 35", and her mean hourly Motion 327 56; 
and her 
Greateſt ( Diſtance 7 62.518) Earth's 

Mean. from the 59.784 0 Semidia - 

Leaſt Earth. 55.935 meters, 

Which in (249107.977 

Englib <238241.13 

Miles are { 223076.71 


We have ſhewn before that all Objects are ſeen under 
a certain Angle; therefore the fame Body, at different: 
Diſtances will appear to have very different Magnitudes : 
It alſo follows that a ſmall Body, when near us, will ap- 
pear to be equal, or even to exceed another at a great Di- 
ſtance, tho' immenſly bigger. And this is the Reaſon 


that the Moon, which is the leaſt of all the Planets, ap- 


pears to us vaſtly bigger than any of them, nay, even to 


equal the Sun himſelf, which is many thouſand times 


greater in Magnitude. | 
By the Will of the great Creator, which Philoſophers 
call the Law of Gravity, or Gravitation, whereby all 


heavy. Bodies have a Tendency towards the Center of the 


Earth, &. and by which, that vaſt Machine, the Plane- 
tary Syſtem is governed, all Bodies gravitating towards each 
other; and this Gravity is Froporti.nal to the Quantity. 


of Matter at unequal Diſtances, it is univerſally as the 


Square of the Diſtance: All Bodies mutpally attract, or 
tend towards each other. 


The Differenee between Gravity and Attraction 1s this, 


viz. Gravity is that by which one Body tends towards 

another. Attraction is that by which one Body te:ds 

towards another by ſome Force, though perhaps it may 
pen by Impu ſe. | | 


he entri et. Force, is that by which a Body, (ſup- 


poſe the Moon, or any other Planet) is drawn or impell'd 
| Centrifugal 


towards the Center, 
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Contrifugal Force, is that by which a Body endeavours 
.to fly off in a Tangent Line. Now theſe two Forces 
being cqual, the Planets are all kept in their Orbits, =y 
neither fly off nor drop down to their Centers : Whic 

W. d do if eithet of theſe Laws were taken away. 

e Moon moves in an Ellipſis, ACPD, whoſe lower 
Focus is the Center of the Earth, round about which ſhe 


deſcribes Areas Proportional to the Times, wherein they 
are deſcribed, and the Earth carries the Moon round the 


Sun in her Annual Motion. 


err eee i: 
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Let the Moon be at L, from whence in a certain Time 
ſhe moves to A, the Space or Ray © L, deſcribes is 
L © A; the Moon moving on till ſhe comes to M, 
and from the Center of the O, draw the Line S M. © 
that the Elliptic Space or Area © Þ M may be equal to 
the Area L O A, then in this Caſe ſhe will move thro” 
the Arch PM in the ſame Compaſs of time, that ſhe did 
thro! the Arch LA. Which Arches are unequal, and 
nearly in a Reciprocal Proportion to their Diſtances from 
the Earth's Center. For becauſe of equal Areas, the 
Arch PM muſt be ſo much in Proportion greater than 
the Arch I. A, as © A is greater than P: This Law 
was firſt diſcovered by Kep/er, and now demonſtrated by 
Sir asc Netten. And for a farther Vindication of this 
Univerſal Law of the Heavenly Bodies, they have de- 
monſtrated that the Squaies of the Periodical Times of 
the Planets, are as the Cubes of their Diſtauces from the 
Certer of their Orbits, about which they perform their 
Motions regularly. 

Of the many inequalities in the Moon's Motion, that 
which is called her Elliptic Equation is greateſt, which 
ariſes from a two-fold Motion, one perſorm'd on the Upper 
Focus at I, and the other on the Lower at O; for {ſuppoſe 


the Moon in her Orbit at ), to which if we draw the 


Line OD and I), her mean Place will be at O, and 
her true Place at N, ſo that the Elliptic Equation is no 
more than the Angle SD I= N) O, which how ts 


find, ſee my Satellite 4fronomy, page 16. And this 


? 
ö 
| 
ö 
t 


Equation is to be ſubtracted all the Time the Moon moves 
from the Apcgeon at A, to the Perigcon at P, that 1s the 
firſt Six Signs of Anomaly. But in the other. Semicircle of . 
her Orbit, while ſhe moves from her Per'gcon at P, to. 

her Apogeon at A, that is when her mean Anomaly is 
6, 7, >, 9, 10, or 11 Signs, this Elliptic Equation is to 
be added to her mean Place to gain her true. And the 
ſame Keaton holds good in all the Planets, | 
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Of the Moons Phaſes. | 


EW Moon, or which is all one, the Change of 

the Moon, is when the Sun and Moon are both to- 
gether upon one, ard the ſame Circle of Longitude, that 
is, when they are in the ſame Sign and Degree of the 
Zodiack, and now ſets with the Sun; and by Reaſon the 
Moon is always direct in Motion to us at the Earth, ſoon 
after the Change ſhe is ſeen in the Evening after the Sun 
is ſet, and puts on then a talca'ed Face, and her Horns 
point towards the Eaſt ; when ſhe is two Signs, or 60® 


diſtant from the Sun, that is one Sixth Part of the Zogiact; 


this Diſtance is called a *ex/i/e Ape? 3 he moving one 
Sign more in Conſeqr entia, till ſhe is 3 Signs or 90 from 
the Sun, this is called a Quadrate or Square Aipect, or 
the firſt Quarter of the Moon, and ſhe is now Dechoto- 
mized. When by her Menſtrual Motion ſhe is four Sign 
diſtant from the Sun towards the Eaſt ; the Face ſhe puts 
on now is Gibbous, and ſo continues till ſhe comes to the 
Full, that is Six Signs diſtant or Diametrically oppoſite to 
the Sun, ſhe now ſhews a full Face to us at the Earth, 
becauſe that Side which is towards the Sun, is alio turned 
towards the Earth. (See my Lunar Inſtrament). The Earth be- 
ing partly between theSun and Moon; ſhe now riſeth as the 
Sun apparently ſets, (if the Time of the Full Moon be at 
Sun ſetting, elſe not ſo exactly, ) we have above ſhewn, that 
the Moon performs ene Revolution round the Earth in 27d. 
7 h. 43! z, which is called her Menſtrual Month, but 
in that Time the Sun has apparently moved 205 51 46" 
from the Place of the laſt Conjunction with the Sun, there. 
fore the Moon has yet 2d. 5 h. O 59"! farther to travel 
before ſhe can come up with the Sun to make the next 
New Moon, which make in all 29d. 12 h. 44! 6, % 
I. thus prove, 


Moon“ 


nr Serge g. 


Of ASTRONOMY. 299 


Moon*s Revolution. Sun moves in that Times» 


27 d. 7 h. 43! 7% 26 55! 461 
8 1 11 2 00 52 
F 93 
16 29 41 
114 3 by 
5 50 — 
— 29 06 25 
29 12 44 6 


This 29d. 12h. 44! 6 the Time between one New 
Moon and the next, is called the Synodical Month. And 
now from the Full to the laſt Quarter, the Moon puts on 
a Gibbous Face again, but on the contrary Side to what 
it was from the firſt Quarter to the Full; becauſe that 
Side of her Face that was then towards the Earth, is now 
turned from it (by Reaſon of the Moon's Rotation upon 
her Axis). 'The Moon moving on her Menſtrual Motion, 
till ſhe is Eight Signs diſtant from the Sun in Conſequentias 
ſhe makes then what is called a Trine Afpe#, which ſhe 
made when ſhe was Four Signs from him, which takes it's 
Name from being an Equilateral Triangle, or one third Part of 
the Zediack . One Sign farther towards the Eaſt brings her 
to a Quadrat again which is called the laſt Quarter, and is 
now again Dechotomized, or juſt half enlighten'd to us at 
the Earth, as ſhe was at the firſt Quarter, but now turns 


the contrary Side towards us. From the laſt to 
t 


the Change or New Moon ſhe is again falcated but as 
the H-rns in the hrit Quarter were turned towards the 
Eaſt they no are towards the Weſt. This Law the 
Moon ob erves co ti ually, only with a little Variation 
cauſed by her Libration, which is more Philoſophical than 
Aitronomical, and ſo I ſhall p ſs it by at this Time, 
Aſtrono ers divide the Diameter of the Sun and Moon 
into 12 equal Parts called Digits, which according to every 
Lay of her Ag: 1s ſhewn by this Table, her Increaſe from 
Change io Full, and her Decreaſe from Full to Change. 
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A Table of the Digits and Decimal Parts of 4 
Digit, to every Day of the Moon's Age, Ac- 
cording to ber Mean Motion. | 


| 
| 8 no : 
| Digit's]{ Moon's da 
| Light Age. Light. 
| 
TMR + Nw — | 
1129 124 1 
0. 814/29 0.44 | 
1.63 28 | V | 1.22 | | 
SV ET. Bo © 8 
3.2526 7F 2.85 
4-07 [28 * 3.66 8 
4.88 [|24 | 4:47 I 
.69 || 23 5.29 ' 
. 22 Laſt 3] 6. I 
5 122 Quarter, | 6.10 1. 
32 21 6.92 I: 
1420 < 7-73 T 
Q 8.95 [119 $ | 8.51, I 
112 S 9.76 [[18 2 9.36 x 
113 8 10.58 [117 © 10.17 | 7 
114 * 11.39 [j1 10.98 2 
$14 Full 1812. 1 0111.8 7 
g — — | | 
| 2 
This Table is ſo plain, little needs be ſaid in Explanation, 2 
only this, look in the firſt, or third Column for the Moon's # 
Age. and in the next on the Right Hand, is the Quantity - 
of . that the Moon has at that Time. Examples are 21 
needleſs, 2 
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A Table of the Moon's Place, 1739. 


|& Fanuary. Tebruary. March. | 
< 8. 0 ns. 9 MIS. © us 
iliz o 3 18 556 26 292 
211 14 ©! 1 42ſt 9 2 
311 27 30ſt 4 711 21 3313 
140 10 33{l 2 1612 3 4513 
023 1512 8 14/2 15 4443 29 3: 
611 5 20[U2 20 212 27 354 11 29 
Z 17 343 1 33 9.244 £23. 33 
81 29 333 13 41/3 21 17] 6 16 
oz 11 2513 25 384 3 14] 18 56 
1002 23 14. 2 13/4 15 24e 2 12 
Ii 3 5 804 20 04 27 5205 15 51 
1233 17 45 2 31s 10 386 29 54 
133 29 293 15 I7ls 23 45/7 14 12 
14/4 11 185 28 196 7 137 28 16 
1 23 3510 11 3516 20 5888 13 15 
is 0 46 35 - WW e #7 43 
1715 18-437 8 357 19 50 12 2 
6. 267 28 $09 -. $. 1009- -. $6 13 
14 428 6: "248 _ 17-4800 © 10-16 
206. 28 2008 20 4519 1 36010 23 56 
19-03 479 -- 4 599 19" 47191 7-33 
2217 25 459 19 1200 29 48011 21 2 
Ry 238 10 110 3 39110 13 449 4 19 
18 3 24 320 17 4610 27 350 17 27 
ity 259 9 3i8t 1 S711 11 v3 o 25 
aue 2619 24 10011 15 $7.11 24 $411 13 
27116. 9 i111 29 430 8 16% 25 43 
2810 23 430 13 110 21 28,2 * 
111 1 16} ———j 4 242 20 12 
3ſt 22 #7 — ——1 17 73 2 10 
H i — 1 22 2 — 
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A Table of the Mon's Place 1739. 
Fs. ls 22 1 7 e ef 
4 3 584 27 50 1.357 20 34 
| 73 25 465 10 46 14 108 4 2, 
47% 7 345 22 29/2 27 2918 18 34 
1 44 19 300. 5 x67 1 4 
157 | 1 
Eee 
| x. 47 2 1108 9 29/0 2 56 
126 26 5 7 16 228 24 19/0 18 1 
8 10 ti "O88 9g afj1s8 3 42 
23 56/8 16 © <4 - $80: 37 4 
8 109 1 1ojlo 9 $36 8 4 
7 22 46g 16 2200 24 50% 15 58 
8 7 30½j, 1 2311 9 28 29 
138 22 3610 16 911 23 400 12 2: 
149 7 2811 o© 2910 7 241 24 5 
150 22 1011 14 2” 23 422 5: 
16010 © 3411 28 
170 20 400 11 13h 1 2: 7 1 
18 11 4 70 "+ 28 24 3 12 63 
11911 17 5601 4612 10 2813 24 40 
20 1 — 19 102 22 2444 6 31 
14 132 1 2413 Fr 27 
1800 27 12 13 3003 18 N 415 9 
2311 „25 2713 27 66132 51 
2411 22 73 7 2104 rr 
5j2 4243 2 21 43þ 3 
102 6 334 7 26 7 400 20 59 
472 28 324 1e g5's 16 "= " 
| | 5 a 
6 
4 
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A T ible of the Moon's Place 1739. 


September. 
O 


8. O 


— H — — 


37! 


. 
10 11 541 
26 370 


19 12 5310 21 50 v3 


OA ober. | November. 
0 


1 6 4 2 
1 10 


2 
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The Uſe of the foregoing Tables of the Moo; 


Place. 


This Table of the Moon's Place, is that in Longitude, 
which is ſuſficient for my Reader's Purpoſe in this Place, 


E. 
2 
2 


do be added 
to her true 
Place, any 
Day in the 


| | heYearly| 
mean Motion 
f the Moon 


Year 1739. 


— — — 


| Anne 1740, April , I would know the 


— 


Look in this Table for the Epact for 
the given Year, and the Number right 
againſt it added to the Moon's true Place 
any Day in the Year 1739, gives her 
Mean Place the ſame Day at Noon. Re- 

embring in Leap Year to add the Mo- 
tion of the Moon in a Day, 13* 11 
ore to the reſt, | 


| 


EXAMPLE I. 


Moon's Place at Noon ? | 


| WW, 2 
1739, April 9, ) Place 5 18 56 
E pact 12 gives 4 12 4! 
Leap Year 1 Day bs 
Moon's Place -- 10 :44 . 48 | 


——_— —_— 


— 
— — 


EXAMPLE 


3 a C4 and Mc ond £4 a8. Pa 
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EXAMPLE II. | 
Anno 1740, Auguſt 10, I would know the Moon 


Place at Noon. 
Operation. 
peration $4 
1739, Aug. 10, ) Place K 
Epact 12 gives = 4 12 41 
Leap Year, 1 Day SEE? 13 11 


Moon's Place - „ 
EXAMPLE III. 


I would know the Moon's Place in the Zodiact, Ann 
1734» June 12? 


Operation, | 
1739, Jure 12, ) Place 10 1 33 
mt „ 
1734, June 12, ) Place 0:43 
Of the Moon's Eclipſe. 


HE Moon being a dark Opake Spherical Body, 
having no Light but what ſhe receives from the 
Sun, can never be eclipſe3 but at the Full Moon, becauſe 


the Earth's Shadow, which is the Cauſe of the Eclipſe 


is always oppoſite to the Sun; but not at every Full 
Moon; but when ſhe is within 129 of either Node. 
See the Scheme, in page 277, and then her Latitude will 
be leſs than the Sum o the Semidiameters of the Moon ard 
Earth's Shadow ; but all the Full Moons that happen be. 
tween EAH and GDF will paſs without any Eclipſe at 
all : The Latitude of the Moon is meaſured on a Circle of 
Longitude, from the Mcon to the Ecliptic, and paſſing 
thro it's Poles, and conſequently cutting the Ecliptic 
at right Angles, The Quantity of an Eclipſe depends on 

DIES | D; dhe 
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the Moon's Latitude, for the leſs the Latitude, the greater 
will the Eclipſe be, and the greater the Latitude the leſs 
will the Eclipſe be: So that if the Full Moon happen at 
the very Node, the Eclipſe will be Central and Total 
with continuance, 1 fay continuance, becauſe the Moon's 
Diameter is but a {mall Matter more than 3 of the Earth's 
Shadow through which the Moon then paſſes, as you may 
me better perceive by this Figure, 


\ 


F the Moon's Latitude at the Time of the E. ull Moon 


Le more thas the Sum of the Semidiameters of the Moon 
ay. | | and 


—Bwo wy „rr 
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r and Farth's Shadow, there will be no Eclipſe at that Full 

fs Moon, for if the Latitude be North, ſhe will paſs over 

at the Shadow, if South under it. There are three Sorts of 
Lunar Eclipſes, viz. 1. Partial, 2 Total without con- 

's tinuance. 3 Total with cantinnance. 

's t. Partial, is when {ome Part of the Moon's Diame. 

y ter or Body falls within the Earth's Shadow, and this 


always happens when the Sum of the Moon's Latitude and 
her Semidiameter is greater than the Semidiameter of the 
Earth's Shadow, in which the Digits eclipſed are always 
leſs than 12, and if her Latitude be t en North, 

' looſeth Light on the South Side of her ?ody, but if her 
Latitude be South, then ſhe is Eclipſed on the North, on 
Upper Side. . | 

2. Total without continuance, is when the Moon's Lati- 
tude is equal to the Difference. between the Semidiameter 
of the Moon and Earth's Shadow, for in this Caſe the 
Moon is no ſooner involved ih the Shadow. but ſhe is out 
at 1, and therefore the Total Darkneſs is of no Duration, 
the Digits are juſt 12. | | 

3. Total with continuance, is when the Sum of the 
Moon's Latitude and her Semidiameter is leſs than the 
Semidiameter of her Shadow: or, which i the ſame Thing, 
when her Latitude is leſs than the Difference of her Semi- 
diameter and Shadow, here the Digits are more than 12, 
and leſs than 22 28! 12", as I thus prove from the Table, 
page 62, of my Compleat Syſtem. | 


Moon's greateſt Horizontal Parallax 61 24. 


Sun's add ow = — - — 10 
Sum - - — - — 61 24 4 
Sun's leaſt Semidiameter ſubtract 15! 49! 
Rem. greateſt Semidiameier & Shadow 45 45 
Moon's greateſt Semidiameter, add 16 40 


COU rm gn oo II 5” 
Latitude Moon, ſubtract = - 0-0 


Reſt Parts deficient «+ 


8 
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| New for the Digits eclipſed, ay, 
As Semidiamer ) 16 4ol! L. L. 5563 add 


To Six Digits 6? = o o OO =: 10000 & 
So Parts deficient + 63- 23 171 to 


. — 
Sum - - 5734 ſub. 
"Fo the Digits eclipſed 22 28 121! 4266 


This is the greateſt Quantity that can be eclipſed. 
4. The Eclipſes do not always happen in the ſame Place 
of the Zodiack by Reaſon of the Kowograde Motion of 
the Nodes, and Sun's apparent Motion, ſee page 299, 
which is 31 iH a Day, and they perform one Revolu- 
tion in 18 Years 224d. 4h. 38!. So that that Eclipſe 
which falls this Year in 75 139, will the next Year fall 
in 75 2 and 11 Days ſooner, by which the Period of 
Eclipſes called the Chaldean Saros is = 18y. 10d. 7h. 
43! 15!!, when the ſame Eclipſe will return again. The 
greateſt Duration of Eclipſes happen about, or near the 
Apogeon of the Moon, ſhe moving then floweſt, tho 
paſſes through a leſs Portion of the Earth's Shadow 
than when in Perigeon : The Moon's *Apogeon moves 
forwards according to the Order of the Signs 6! 410 in 
one Day, in a Year 1 S. 10® 397 50, therefore is one Re- 
volution perform'd in about 8 Years, 30g Days, 8 Houre, 
and 32 Minutes. The Moon's. Eclipſe always begins on 
the Eaſt Side and ends on the Welt, contrary to that of the 
Sun ; for the Moon s Eclipſe being real by reaſon of ker 
dire& Motion in Longitude always Fatiward, the Eaſt Side 
of her Bocy muſt nceeſlarily firſt touch the Earth's Sha- 
dow, and the Weſt Side laſt leave it. In Total Eclipſe 
of the Moon, even when ſhe is near the Center of the 
Shadow, her Body is frequently to be ſeen of a languid 
Colour, as I have often oblerved, and particularly, Ag. 
29, 1718, at 54“ paſt - at Night, when the was within 
go! of her Southern Node, aud Total for the Space of 
1 h. 37 fall that Time ſhe did not look Black at all, but of 
a Kind of a yellow ſwarthy Colour, which could not be 
without being illuminated with ſome Light; {for of * 
e 
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the has none,) ard ſome will wonder from whence ariſe 
this Light, ſome ſuſpected that it was the Native and 
proper Light of the Moon herſelf, others derived it from 
the Planets and Stars; for the Interpoſition of the Earth 
intercepts all the Light of the Sun, and ſeems to bring a 
thick Darkneſs upon the Whole Space taken up by the 
Conical Shadow. But we muſt conſider that the Earth is 
ſurrounded with a Space of Air 49.66 Miles high, which 
is of a conſiderable Denſity, and has a Refracting Power 
whereby it turns the Rays of the Sun out of their Way, 
when they f:]] upon it, and makes them enter the Conical 
Shadow ; which will therefore. be illuminated by that 
ſmall Quantity of Light which falls obliquely on our 
Atmoſphere, and imparts to all the Bodies within it, a 
faint Light, the which will illuminate the Moon, even 
when ſhe is in the midit of the Shadow, and will make 
her viſible to us. 

5. The Length of the Earth's Shadow may be found 
at any Time by Trigonometry, thus, for the Semiangle of 
the Cone ACP, See Fig. p. 306, is always equal te the Sun's 
apparent Semidiameter, which when the Sun is in Apo- 

eon it is 15 49", at a Mean Diſtance 16/ 5/, and in 

erigeon 161 22/0, fo that in the Triangle ABC, we have 
given the Angle A CB equal to the Sun's Apparent Semi- 
diameter, and A B, one Semidiameter Earth to find B C, 
the Length of the Axis of the Cone of the Shadow. 


Operation. 
As T. CAC A. 0 1g! 491 7.6627 105 
To one Semidiameter = AB 1 - o. ooo 
So Radius = - - - - _10.0000000 
To B C. S Semidiameter 217.41 2.3372895 


217 41 X 3984.58 = 866287.5378 Miles, | 
At a Mean Diſtance from Earth, the Height of the 
Shadow is 213.775 Scmidiameter of the Earth = 
851803.5895 Miles, And at the leaſt Diſtance 210.014 

Semidiameter of the Earth = 836817. 158412 Miles. 

6. By the Horizontal Parallax of the Moon we alſo 
find her Diſtance from the Earth, for in the Scheme, page 
275 we have given, the Angle HLG the Moon's Ho- 

| | rizontal 


| 
| 
| 
| 
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rizontal Parallax, and HG Earth's Semidiameter, te 
find H L her Diſtance from the Earth's -urtace. 

Let it be required then to find h-r Diſtance from the 
Farth's Surface when ſhe is in Apogeon ? Look into the 
Table page 62, of Vol. II. of my yen and you'll ſee 


her Horizontal Parallax is = 54! 59", and 571 5ol', at 


a Mean Ditiance from the Earth, and 647 24" in Pe- 
rigeon, 


New for her greateſt Diſtance, ſay, 
As S. HLG Horiz. Par. 54 590 8. 2039376 
To HG 1 Semidiameter ©.0000000 
SoCS. HLG „5 99999444 
To H L & Semidiameters 62.518 1.796008 


62. 755 X 3984.58 = 249107. 97244 Miles, but from 
the S Center 249315. 1706. 


Secondly, For her Mean Diflance » from the Earth. 
As S. HLG Horiz. Paral. 57180 Co-Ar. 17741252 


To 1 Semidiameter O * = ©.,0000000 
So CS. HLG 57 50 9 9999386 
To HL in ©. Semidiameter $9-43 1.7 740638 


59.43 X 3984.58 = 236803.5894 Miles, but from the 
Center 238246.00730 Miles. 


Laſt y, For the leaſt Diſtance. 
As 8. HLG Horiz. Paral. 1 10 24" 8.218576 


To H G 1 Semidiameter & - o. ooo 
So CS. HLG - 1 1 24 99999306 
To HL in S Semidiameters 55.985 1.7480730 


$5.98, 985 * 39 58 = 223076.7113 from O Surface. 
ut from the * Center 55˙994 = 223112.57252 


Miles. 


VII. To 


nge 
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VII. To calculate the Diameter of the 
Earth's Shadow at the Diſtance of the 
Moon. 


N . the Scheme, page 306, let B be the Earth's Center, 

d the Moon's Center, B Cin the Cone of the Earth's 
Shadow, and at the Earth's greateſt . Diſtance = 217.41 
Semidiameters, therefore D C the Cone of the Earth's 
Shadow beyond the Moon, is found in the three ſeveral 
Stations thus, 


BC — Cone © Shad. 217.41and213 775 and 210.014 
Diſt. D4@©=B Þ 62.518 59.784 55.985 


— ———— —— — 


Shad. beyond » = 154.892 = 153.991 = 154.029 


As Radius - 99? © Oo 10.0:00500 
ToD C = — 154.892 2 19002 36 
So T. 0 CD 15˙ 49 7.662705 


To D' Þ S Semidiam. Shad. O. 71241 9.8527441 


2 D 7 = Diameter Shadow 1.42482 X 3984.58 = 
5669.4198, which is the Diameter of the Earth's Shadow 
at the Moon, in Apogeon ot the Sun ; but when the Sun 
is at a Mean Diſlance from the Earti, it is 5740.4 250228 
the Sun in Perigeon, the Diameter © Shadow at the Moon 
is 5840.995823. | : 
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VIII. To calculate the Diameter of the 
Moon, and Height of her Shadow. 


N the Scheme, Lebe 306, Let B be the Earth's Center, 

D the Moon's Center, B ) the Moon's Diſtance from 

the Earth, and the Angle DB p, the Moon's Apparent 
Semidiameter » to find D . | 


— 


1. The Moon in Apogeon. 
As CS. DB ) o 14' 52" Co-Ar. 0.0000039 


To B 5 - 62.518 - 1.7960068 
I. DB) - Oo 14 58 7.6358290 
To D) .27029 = 1076. 9921282 94318316 


Hence becauſe the Cone of the Earth's and Moon's 
Shadow are Similar Bodies, their Heigths will be in 
22 to the Semidiamer of their Baſes Baſe: For 

ving the Baſe and Height of the Earth's Cone, and 
the Baſe of the Moon's, the Height of the Cone of the 
Moon's Shadow will be obtain'd thus, 


As Semidiameter O D ©0.0000000 
To Height of it's Shadow 217.41 2.3372895 
So Semidiam. Baſe ) Shadow. 27029 94318316 
To Height of it's Shadow 58.766 1.7691211 


And after this Manner will the Height of the Moon's 
Shadow at a Mean Diſtance from the Earth be found to be 
58.279 Semidiameter of the Earth. And when ſhe is in Pe- 
rigeon or neareſt to the Earth, the Height of the Cone 
of her Shadow is 57.913 Semidiamete-- of the Earth, 
which multiply'd by 3984.58 = 2271.7285954 Miles 
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Mow to Calculate the Times and Puantiities of Etlipſer, 

particular ond general, See my Compleat Syſtem of 
Aſtronomy, and my Uranoſcopia, where the Reader will 
find Sati faction to his Deſire. 8 


The Uſe that may be made of Eclipſes is for diſcovering 
the Longitude of Places at Sea or Land, for having an 
Eclipſe trulycalculated to any particular Meridian, as ſuppoſe 
2 the Eclipſe is found by Calculation to begin at 
5h. 39“ 5 P M, and being at Sea, the ſame Eclipſe 
is obſerved to begin at 6h. 15 PM. the Difference is 
35' 8% which turn'd into Time = 89 47' co to the 
Eaſt of the Meridian of London, But if you obſerve the 
Time ſooner than it is by the Calculation, you are then 
ſo much to the Weſt of London. 


VI. Of Mars. 


ARS is a Superiour Planet, and moves in an On 

bit round the Sun, between the Earth and Jupiter. 
And make one Revolution in 321 d. 23h. 27' 3o". His 
Mean Annual Motion is 68. 11 17' 100, Diurnal Mo- 
tion is 31' 27", and in an Hour he moves 1' 19/1, Hig 
Eccentricity 14169.5 and his Mean Diſtance from the 
Earth 112022636 Eng/iſþ Miles. There are two Years 
and fifty Days between every Conjunction with the Sun. 
The Inclination of his Orbit 1® $1'; Arno 1739, the 
Place of his Aſcending Node 18. 17 49 24", and the 
Place of his Aphelion m 1 18' 5, it's Annual Motion 
1' 12“. This Planet has an Atmoſphere like our Earth; ' 
He is Direct, Stationary, and Retrograde to us at the Earth, 
and has a Rotation about his own Axis from Welt to Eat 
in 24 h. 40'. He has no Satellite or Moon to attend him, 
but has Faſciæ or Spots, as appears thro' the Teleſcope. 


E e : VIL Of. 
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VII. Of the Planet Pupiter. 


* al | {dk TER is a Primary and Superiour Planet, mov- 
ing round the Sun in an Orb between Mars and &a. 

turn; and appears thro* the Teleſcope to have always a 
round full Face; he is liable to be eclipſed to an Inhabi- 

tant of the Earth by all the Planets except Saturn : 'Re- 
eeives all his Light from the Sun, and by the Teleſcope he 

is known to have Belts which ſurround his Body, with 
ſeveral Spots by which is diſcovered his Rotation upon 

his Axis, from Weſt to Eaſt in.g h. 56“: He makes one 
Revolution round the Sun in 115. 317 d. 12h. 20' 25", 


His Mean Annual Motion ts 18. o 20' 38" 
Diurnal Motion - — 4 59 
Hourly Motion - — - „ 


this Year 17399 < = 
Aphchon += -= - — 2 10.20 36 
Eccentricity . - - - 25074.5 


Mean Diſtance from the Earth 337681693 Eng/ib 
Miles. This Planet as well as Mars, and Saturn is 
much nearer the Earth in Oppoſition to the Sun, than in 
any other Poſition, Jupiter is attended with four Satellites, 
75 were firſt diſcovered by Gabilæus, Anno Domin. 1610. 

heſe Moons move round Jupiter in a conſtant direct Or- 
der, .as here is ſet down. Es 


Place of his Aſcending Node 8 1 5 40 


Eero .. OARA wp.cy 8 


Periadocal Timer.  Diurnal Matiotion 
FQaQa£lc..ca_uz..c.: 5:1 
1. in 1 18 28 36 | 6 23 29 20 5 2 
2. in 3 13 17 54 3-13 83 20" 8. 3 fc 
r 100-10 3-1 10 
4. in 16 8 5 12) 0 21 34 165 S 4 d 
| 8 


. 
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Their Diftunces from jupiter in Semidiameter of Jupiter 
are 


3 


I. 2. 
5.91 9.4 


By theſe Magnitudes and Diſtances from Jupiter, they 


Jo 4- 
10. 26. 38. 


may be eaſily diſtinguiſhed one from another, when you 
look at them through a Refracting Teleſcope, they will 


appear on the contrary Side of Jupiter, but a Reflecting 
Teleſcope will ſhew them really as they are in the Hea- 
vens. The Apfis of the Moons this Year 1739, Is 
21 12½ with a Yearly Motion of 367. They always 
appear amongſt the Fixed Stars to lie nearly in a ſtrait 
Line, except their Latitudes cauſe a little Variation, (as I 
have often obſerved). And the Poſition of this Line has 
Reſpect unto the Altitude of the Nonageſſime Degree in 


# 7 upiter's Orb, as being at one Time Parallel to the Ho- 


ri on, at other Times more oblique, making Angles there- 
with of different Quantities. The Fourth, or outmoſt 
Satellite paſſes wide of the Shadow two Years in every 
fix, as it did in the Year 1734, and will again in 1740, 
O'c. but the other three paſs through Fupiter's Sha- 
dow once in every Revolution, and are then eclipſed ; and 
they alſo eclipſe one another. Beſides the Immerſions, 
they become twice inviſible to us in every Revolution 
except when their Latitude is too great, that is, once 
when they 
When they are behind his Body. When Jupiter is our 


Morning Star, and Riſing before the Sun, the Spectator 
ſees only the Immerſions, or the Entrance of the Satellite 


into Jupiter's Shadow; but when he is our Evening Star 
and Setting after the Sun, we then ſee the Emerſions out 
of the Shadow. Four and thirty Days every Year Jupiter lies 
hid under the Sun Peams, and couſequently can't be ſeen 
with the naked Eye. By obſerving the Eclipſes of Zupiter's 
Moons from oppoſite Parts of the Magnus Orbis, it is 
found that Light is not inſtantaneous, but takes up 9 og 
lo! Minutes Time to travel from the Sun to us, Which 
N is more than 82 Millions Lo Miles : gy 
pace the Light paſſes thro”, in ſo a Time that fo 

es * E e 2 prodigious 


are between the Eye and 7upiter, and again 
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prodigious a Velocity cannot eafily be conceived us, 
which ſo much exceeds the Velccity of the ſwifteſt Bodies 
we' know. 

By the Eclipſes of theſe Satellites, the Longitude of 
Places upon the Terraqueous Globe may be known 


after the ſame Manner as has been ſhewn in the Eclipſes of 
the Sun and Moon. 


VIII. Of Saturn. 


COATURN 1s a Primary and Superior Planet, and 
is the higheſt in our Syſtem ; he is always obſerved 
with a round full Face, is of a heavy dull Lead Colour, 


and is liable to be eclipſed from our Sight, by all the othey« 
Planets, if their Latitudes correſpond ; he makes one Re- 


volution round the Sun in 29. 174d. 6 h. 361261! ; 
his mean annual Motion is 12® 13 210, his Diurnal Mo- 
tion 27 1" and hourly Motion 51. Every Year and thir- 
teen Days is conjoin'd with the Sun; he is direct Sta- 
tionary and Retrograde to us at the Earth once every Year, 
and makesall his A ſpects with theSun, It is uncertain whether 
this Planet moves round his-Axis or not, by Reaſon of his 
great Diſtance from us, which is 75426 579 Engliſo 
Hon: His Eccentricity 54376, ſuch Parts as the Mean 

iſtance of the Earth from the Sun is 10000co, The 

Place of his Aphelion this Year 1739, is in f 299 25! 
30, and the Place of his Aſcending Node 219 10' 
48'!, the annual Motion of the Aphelion 1! 2&!!, and of 
the Node 18!!, the Inclination of his Orbit 2“ zo“ 1o!!, 
-and by the Teleſcope's Obſervations is found to have five 
Satellites or Moons moving round him, as he moves 
round the Sun, ard according to the lateſt and beſt. Obſer- 
vations, do make their Revolution in Times, as is here 
$t down. fl 


1. in 
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Befides theſe five Moons this Planet is known to be en- 
compaſled on every Side with a Ring, but doth no where 


touch his Body, the Diameter of Saturn to that of the 


Ring is as 4 to 9. Cini ſuppoles the four interior Sa- 
tellites to be moved according to the Plane of the Ring, 
or their Orbits to be inclined to the Orbit of Saturn by an 
Angle of zo“, but Hagens of 31% When Saturn is in 
the Middle of the Sign Gemini and Sagittari, then the 


greateſt Axis of his broad ſpreading Ring, is found to be 


preciſely. double to the leſſer, and lieth moſt open to 
our View, as it was in the Year 1737, and will be ſa 


again in 1751; but on the contrary, when this Planeti 


in Virgo or Piſces, the Ring ſeems to us to be quite ſhut, 
and only as it were a right Line, and no more to be ſeen 
and this will be ſeen in the Vear 1744, and again in 1758, 
and 1759. But this is ſpoken to AHronomers who are 
furniſhed with long Glaſſes wherewith to- make Obſerva- 
tions of this Kind. 'Thoſe that would ſee the Reaſon of 
the Retrogradations of the Planets, let them conſult my 
Planetary Inſtruments, And here in the Satellites as 
well as in the Planets themſelves, this Univerſal Law of 
Nature alſo holds good, viz. that the Squares of the 
Periodic Times are as the Cubes of their Diſtances from: 
the Centers of their Primary. 


IX, The Charafers and P vetical Names of 
| the Planets, 


H Saturn, Chronus, Photon. Falciſer. 
Þ Jupiter, Phatton, Zeus, Joe. 
g Mars, Aris, Pyreit, Mavors, Gradiu, 


21 18 26 4.893: 

17 41 10 6.268 \Semidiameters of 
n 2.354 of Saturn's 
22 41 23 20. 205 Globe. 
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oF Sol, Titon, Itios, Phebus, Apollo, Pbaun, Ohriz 


Deiſ piter. 


2 Venus, 60 . Aphrodite, E rycina. 
Z Moray, Hermes, Stilbane, Gl nius, Archus. 


| 5 ; Man, Lucina, Cynthia, 


ana, Pbæbe, Praſepina, 


Noctiluca, Latonæ. 


The Reaſon of which Names may be ſux in Myſtagogus 


Poeticus. 


O Terra, the Earth, | 
8 Dragon's Head. { 
S Dragon's Tail. 
— — 4 
1 
X. The Characters and Names of the Twelve 
S1gns, with the Numbers of Stars they - 
contain. n 
Cc 
1 Aries r. t 
D Taurus 43. ol 
II Gemini 30. 
= Canter 15. w 
& Leo 40. ſe 
m Virgo 39. w 
Libra 18. C 
m Scorpio 10. VC 
F Saggitarius 14. 


If Capricorn 28. 
 & Aquarius 41. 


X Piſces 


—_— — 


. 


XI. We Cbaraclers and Names 7 tbe Fin 


.6 Co junction, is the ſame Sign and D 
+ Sextile, wo Signs, or Co Degrees 


DD Szuore, luce Sens, or 50 Degrees aſſur der. 


Ajpeets.. 


In E. 


5 Jin, 


Te 
ev 
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A Trine, four Signs, or 120 Degrees aſſunder. 
& Oppoſition, ſix Signs, or 180 Degrees aſſunder. 


— 


XII. Of the Fixed Stars. 


IX E D Stars are ſuch as do not, like the Planets or: 
Erratic Stars, change their Poſitions of Diſtances in 
eſpect of one another. And becauſe they have no ſen- 
ſible Parallax ariſing from the annual Motion of the 
Farth, they are juſtly eſteemed to be of ſuch an immenſe 
Diſtance, that the Earth's annual Orbit is but as-a Point 
in compariſon of it. 

Light takes up more Time in Travelling from the Stars 
to us, than we in making a Weft India Voyage. That 
Sound would not arrive to us from thence in 5o0voo Years; 
nor a Cannon Ball in a much longer Time, this is eaſily 
computed by allowing 10! for the Journey. of Light from 
the dun hither, and that it moves 968 Feet in a Second 
of Time. | 

Where - ever the Spectator is placed in our Syſtem,. 
whether in the Sun, in the Earth, or even in Saturn, will 
ſee the ſame Face of the Heavens, and the fame Stars, 
with the ſame Magnitudes, and the ſame Figure of the: 
Conſtellations, and the Heavens which ſurrounds and in- 
volves them all, will have the ſame Face. 

The Antients divided the Viſible Firmament into 48 
Images, 12 of which filled the Zediack, the Names of 
which we have given in, page 318. In the Northern Re- 
gion there are 21 Images, viz. the Leer Bear, the Great 
Bear, the Dragon, Cephus, Bootes, the Northern Crown, 
Hercules, the Harp, the Swan, Caſſiopia, Perſeus, Audro- 
meda, the Triangle, Ariga, Pegaſus, Eguilus, the Dol- 
phin, the Arrow, the Eagle, Serpentarius, and the Ser- 
bent. Aſierwards they added to them two others, viz, 
that of Anti nous, which was made of the Stars that are 
not included within any Image, and are near the Eagle; 
and the Conſtellation called Berenice's Hair, theſe Stars 
lie near the Lyons Tail. 8 


1 


f 
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> On the South Side there are 15 Aſtreriſms, which were 
known to the Antients, viz. the Fhale, the River Eridi- 
ans, the Hair, Orion, the Great Dog, the Leſer Dog," the 


Ship Argo, Hydra, the Cup, the Crow, the Centaur, the 


Wolf, the Altar, the Southern Crown, and the Southern 


Fiſh. To theſe are added 12 more Conſtellations, which 


are not ſeen by us who inhabit the Northern Regions, be- 
cauſe of the Convexity of our Earth, but in the Southern 
Parts they are very conſpicuous. Theſe are the Phenix, 
the Crane, the Peacoch, the Indian, the Bird of Paradiſe, 
the Southern Triangle, the Fly, the Chameleon, the Flying 
Fiſh, the Toucan, or American Gooſe, Hydrus, or Water 
Serpent, Xiphas, or the Sword Fiſh. 

Aſtronomers have added two in the Northern Hemiſ- 
phere, viz, Charles's Heart, and Sobieski”s Shield. 

The Galaxy, Via Lefea ; Or Milkey Way, is a broad 
white Tra& encompaſſing the whole Heavens, and extend- 
ing itſelf in the Sign of Capricorn from the Equinoctial 
to the Tropic of Cancer with a double Path, and the reſt 
of it is a ſingle one. Some of the Antients, as Ariſtole, 
imagined that this Path conſiſted only cf a certain Exha- 
lation hanging in the Air, but by the Teleſcope's Obſer- 
vations of this Age it has been diſcovered to conſiſt of an 
innumerable Quantity of Fixed Stars, different in Situa- 
tion and Magnitude; from the confuſed Mixture of whole 
Light it's white Colour is ſuppoſed to be occaſioned. 
(With the Teleſcope I have counted 24 Stars in the Com- 
paſs of the Pleiades.) It's greateſt Declination North is 
about 65®, and South 699, it croſſes the Equinoctial from 
South to North in r 5®, and from North to South in 25 


5% It's breadth, where broadeſt, wh.ch is about Aquila. 


18 259, in other Places it doth not exceed 10 Degrees. 
Aſtronomers have divided the Stars into fix ſeveral 


Sizes or Magnitudes, of which the greateſt or brighteſt of 


them are called Stars of the firſt Magnitude, as Capella, 
Atturus, Regulus, Sirius, &c and the next to them in 
\ brightneſs are called the Stars of the ſecond Magnitude, 
next to them in brightneſs are Stars of the third Magnitude 
and ſo forth, till we come to Stars of the ſixth Magnitude, 
which comprehend the ſmalleſt Stars that can be diſcern'd 


with the naked Eye. ; 


The 
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De Number of Fixed Stars that their Places dave been 
Rectiſied by ſeveral Aſtronomers are theſe. 


Hypparchus, 140 before Chriſt had - 1022 


Pliny - - - - 1000 
Pto/omy 135 Years after Chriſt - 1026 
1437 Uligh Beighti - - 1017 
1460 Regiomontanus. Ditto | WY 
1536 Nich. C:pernicus Ditto | 
1572 Tycho Brahe - 338 777 
1620 Fohn Kepler - - -— 1163 

1603 Dr John Bayerus - - - 1725 
Prince of Heſs - - - - 


1635 Brachius 3 2 1672 
1651 Jobn Ricciolus - — * 1468 


1670 Fohn Hevelias - - c 1888 
1676 Dr Edmund Halley = - - 373 
1690 Jobn Flam/iead . 3000 
1726 This Author — 5 777 


The Fixed Stars move upon the Poles of the Ecliptic, 
by which they kave a progreſſive Motion of 50 a Year, 
that is one Degree in 72 Years, and one Revolu- 


tion in 25920 Vears; by which Motion they are al- 


ways kept parallel to the Ecliptic, and ſo never alter 
their Latitudes; but Dr Halley tells us the Philoſophical 
Tran ſactions, Numb 355, that four of the Fixed Stars 
have altered their Latitudes ſince P/o/omy's Time, viz. - 
the Bull's Eye 20! more South, Sinius 22, Arfurus 33', and 
the Bright Shoulder of Orion, almoſt a Degree more North. 

But theſe may be Iook'd upon as bad Obſervations made 
in Ptolomy's Time, for want of good Inſtruments, rather than 
attributing the Difference of the Latitude to any un- 
equality in the Stars Motions. 

The Fixed Stars are known from the Planets by their 
Scintillation, or Sparkling; for the Planets have no ſuch 
Vibration, twinkling or glimmering of Light : But ge- 
nerally all the Fixed Stars more or leſs, and at ſome 
Times more than others: The Cauſe of their Scintilla- 


tion is variouſly diſcourſed of, both by Philoſophers and 


Aſtronomers, Arxiſtotle, among the Antients, gy 
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Cauſe thereof to their remoteneſs from our Sight, by 
which they are weakly, and as it were by a trembling 
wearineſs reached. Some again will have the Cauſe of 
this Twinkling to proceed from Refraction; others aſſign 
the Cauſe to ariſe from the unequal Superficies of the 
- FluQtuating Air or Medium, as Stones in the Bottom of a 
River by the Rapid Motion of the Water, ſeem to have 
a kind of termulus Motion, which is only in the criſped 
and uneven Undulation of the Stream. Gafſendus more 
probably conceives this Sriztil/ation of the Fixed Stars to 

roceed from that Native and Primigenial Light they are 
indued with, like that of the Sun's ſparkling, caſting forth 
ſuch quick darted Rays as our weaker Light cannot behold 
without that trembling Paſſion, 


. 
811 * 


XIII. Of C omets, 


— 


OMETS are what are commonly called Blazing 

Stars. The Antients, eſpecially Ariſtotle, and his 
Followers ſuppoſed them to be Meteors or Exba/aticons, 
ſet on Fire in the Middle Region of the Air. The Mo- 
dern Aſtronomers have found that they are within our 
Planetary Syſtem, and that their Orbits are very Eccentric, 
being ſometimes at a moderate Diſtance from the Sun, at 
other Times they aſcend' to vaſt Diſtances, far beyond the 
Orbit of Saturn, and ſo become inviſible, The great 
Comet that appeared here in 1680, 1681, was ſeen before 
in our Hemiſphe'e, Anno . Domin. 1106, once before, a 
bout the Year 532, and alſo 44 Years before our Saviour's 
Birth: And therefore Aſtronomers conclude the Time of 
it's Periodical Revolution to be 575 Years, The Time 
of the Revolution of another Comet which appeared. in the 
Year 1682, will appear to us again in 1758, is 75+ Years 
in making one Revolution, another probably may be ſeen 
here again An. Dom. 1789, makes it's Ellipſis round the Sun 
in 129 Years. And that theſe Periods are all that are known 
to Aſtronomers, is what we are to be ſatisfied with 'til! 
further Diſcoveries are made. | 
| 3 I might 
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1 might here give the Projection of the Sphere, and 
4 apply Spherical Trigonometry in the Solution of all the 
1 Practical Problems of the Sun, Moon, and Stars, but this 


va being alteady handledin my Compleat Syſtem of Aſtronomy, 
4 I ſhall forbear it here, and proceed to the Art of D , 
a 

e — — r 
> a 

re 

to C H A P IX. 
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OROLOGY, or Dialling is a very curious Art; 

and requires a full Knowledge in Aſtronomy to be 
a perfe&t Maſter ; in my Mechanic Dialling I have ſhewn 
how to make all Sorts of Dials without the Help of Trigo- 
nometrical Calculation,, which Work is intended only for 
him who is unſkilPd in Aftronomy : Here it ſhall be my 
Buſineſs to explain the calculative Part even to the meaneſt 
v Capacity. Firſt then of Dials there are divers Sorts, as 
1. The Horizontal. 2. The North and South Ere&, 
Ba 3. The Eaſt and Weſt Erect. 4. The Erect Decliner, 
5 5. The Recliner, or Incliner, &c. 
* He that would be a compleat Dialliſt muſt be fully 
4 acquainted with the Projection of the Sphere on 
he any Circle, but becauſe my narrow Limits will not permit 
ob me to treat ſo largely as I would; I ſhall here give my 
re Reader a View of the Fundamental Diagram, for ex- 
a preſſing all Sorts of Planes, and how the Triangles lie 
rs in which the Hour diſtances upon the Plane, are by Trigo- 
of nometry calculated, | 
ne Firft, With a Sweep of 60 opened to any convenient 
ns Radius, draw the Primitive Circle 12 == 12, which 
rs. hall repreſent the Horizon of the Place, and Z the Ze- 
en nith. 2. Quarter it, and draw Z. & for the Prime Verti- 
* cal, and 12 Z. 12 for the Solſtitial Colure. 3. Take the 
vn Tangent of 19 14), it being + the Co-Latitude of London, 
ill and {et it from Z. to P, ſo ſhall P repreſent the North Pole, 

thro? the three Points ꝙ P (or with the Secant of 51? 


is 3a“) draw ꝙ P & for the Equlnoctial Colure, or bi 


o - 
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Clock Hour. 4. With the Secant of 619 57!, the Sun's 
greateſt Meridian Altitude at London draw Y <>, 
5. With the Secant of 383 28', being the Height of 
the Equinoctial at London, draw Y A A. 6, With the 
Secant of 14 59' the Sun's leaſt Meridian Altitude at 
London, draw Y F : A Z C, 12Fi2, DPE, and 
G HI are Planes of different Poſitions drawn at Pleaſure: 
Thus is the Scheme finiſhed ſufficient for our preſent Pur- 
Pole. See p. 250. | | 
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Then doth the Primitive Circle repreſent a Horizontal 
Plane. 2. A Vertical Plane, parallel to the Prime Vertical 
Circle paſſing through the Zenith and Eaſt and WeſtPoints of 
the Horizon, is the Erect, Direct North and South Plane, and 
is repreſented by Z == the Prime Vertical Circle. 3. A 
Meridian Plane, parallel to the Meridian, and paſſing 
through the Zenith and Pole, ſuch are the Eaſt = 
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Weſt direct Planes, and repreſented by 12 PZ 12, the 
Solſticial Colure. 4. A Polar Plane, parallel to the Earth's 
Axis, or Hour of Six is here repreſented by P , it 
aſſes through the Poles, and through the Eaſt and Weſt 
Points cuts the Equinoctial and Meridian at right Angles, 
but inclines to the Horizon with an Angle = 12 Y P 
12 32!, reclining from the Zenith 38 28 =<PwVT Z. 
his is called a direct Incliner. F- The Equinoctial 
Plane, is parallel to the Equinoctial paſſing through the 
Eaſt and Weſt Points being right to the Meridian, but In- 
clining to the South Horizon (in North Latitudes) with 
an < = 438? 28' the Co- Latitude = A wv 12 repreſented 
by Y KE A the Equinoctial, and conſequently and pro- 
perly is called a Direct Ineliner, becauſe the upper Face 
looks to the North, and the under to the South. 6. A 
Direct inclining Plane, parallel to any great Circle which 
«paſſes through the Eaſt and Weſt Points of the Ho- 
rizon, being right to the Meridian, but not paſſing thro? 
the Poles of the World, nor parallel to the Equator, is re» 
preſented by Y 25 =, or by Y' V a being the two Po- 
titions of the Ecliptic, when the very Beginning of Cax- 
cer and Capricorn are upon the Meridian. 7. A Vertical 
declining Plane, parallel to any great Circle which paſſeth 
through the Zenith, being right to the Horizon, bac in- 
clining to the Meridian with an Angle of 30 Degrees, 
8. A Polar declining Plane, 12 to ſome great Circle 
which paſſeth through the Pole, being right angled with 
the Equinoctial, but inclining to the Meridian with an 
Angle of 24 = 12 P D, ard this Plane is repreſented by 
DPE. 9g. A Meridian Plane inclining to the Horizon, 
parallel to any great Circle which paſſeth through the 
Points of North and South, and cuts the Hime Ver- 
tical at right Ang'es, this Plane is repreſented by 12 F 12, 
10. A Declining inclining Plane, 3 to any gat Cin le, 
which paſſeth neither through the North, South, Eait, 
or Weſt, nor through the Pole, nor Zenith, but lieth ob lique 
to them all, it is repreſented by GH I m. king an Angle 
with the Horizon of 45®, and Dec'izing from thy 
Meridian 514% = 12 Each of cheſe Plancs e cept 


the Horizontal have rwo Faces, whercon Hour Lines 
may be drawn. 


Ff I. To 


®. "IM 
n 


326 _ Of DIALLING. 


I. To make an Horizontal Dial. 


| HIS Plane is repteſented in the Fundamental Dia- 
| gram by the Primi ive Circle A C. which is 

beſt made of Braſs to ſtand the Weather. Now if we 

roject the Sphere Stereographically upon the Plane of the 
33 for the given Latitude, and where the projettcy 
Meridians or Hour Lines cut the Plane of the Horizon, 
draw Lines from the Cen er or Zenith to the Border of 
the Dial, ar.d they ſhall be the true Hour Lines, and ihe 
Stile or Gnomon muſt ſtand upon the Meridian, or 12 
o'Clock Hour Line, and to make an Angle at the Center of 
the Hour Lines, equal to the Latitude of the Flace for 
which the Dial is made. 

But to do this by Trigonometry, let AB CD repre- 
ſent a Horizontal Plane, on which I am to draw a Dial; 
upon which draw as many Concentric Circles tor the Boun- 
daries of the Dial as you fancy will ſerve your Turn, and 
draw the Diameter A B for the Meridian, or 12 o'Clock 
Hour Line: Take the Radius of the Circle in your Com- 
paſs and ſet the Sector on the Line of Tangent, and take 
off the Tangent 19914 that being half the Complement 
of the given latitude, and ſet it from Z the Zenith, 0 
P the North Pole. Through the Pole P, at right Angles 
to the Meridian A B draw the Line 6 P 6 for the Sic 
o'Clock Hour Line. Now for the other Hour Lines, 
their Diſtance from the Twelve o' Clock or Meridian, 
we mult have recourſe to the Fundamental Diagram in 
pege 324, then ſuppo!e the oblique Circle DP E to re- 
pieient the One or 11 o'Clock Hour Circle, then the 
Angle i2PD=1 7 in which Triangle right Angle at 
12, theie are given P 12 51 32! the Latitude of the 
Place = Flevaticn of the Pole ab;ve the Horizon, with the 
Angle12P = i, to find the Side 12 D the d iſtance of One 
and Eleven O' Clock from the Meridian upon the Horizon. 


Equation. SP 12+ R=ECT<P+T 12D. 


Analogy. 
n . or, * x I8T-0 10.5719475 
To Rais 90 0 10. 0004009 
So S.P 12:= P-le's Elevation 51 32 9.893742 
Te 12 D, 1 Hour on the Hanz 14 51 9.3217977 
; Ur 
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| over the Twelve o'Clock Hour Line, the Dial is finiſhed, 


= 
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Or by Tranſpoſition, ſee p. 245. | 


As Radius = 909 ol 10. 0000000 
ToT<P 15 oo 9.42805 28 
So S. P 12 Latitude $3. %%% „ 


To T. 12D - 11 51 93217977 


And thus by making the Angle at the Pole 30, 45, Co, 
755, and - working as above you will have the diſtance of 


every Hour upon the Plane, from the Meridian Line 


AB. Then by allowing for the thickneſs of the Stile, 
draw two Quadrants on each Side the Twelve o'Clock 
Hour Line, and ſet the Sector to that Radius, and take 


the Chords of the ſ{.veral Hour Diſtances, and ſet them 
off in each Qua/rant, and thoſe Marks draw Lines from 
the Center at F to the Margin of the Dial, and they ſhall 
be the true Hour Lines required. The Stile or Gnomon 


muſt Make an Angle at Þ = the Latitude of the Place for 
which he Dial is made. which being ſet at right Angles 
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II. Of an Erect Dire&# North and South 


Dial. 


HE Hour Lines of theſe Dials are calculated by 


the Triangle K PZ right angled at Z. In the Scheme, 


Page 324, there are given, the Ange at PI, 30, 45, 60, 755 
the Equi octial Diſtances, and ZP the Diſtance between the 


Zenith and Pole, equal to the Complement of the Latitude of 


. the Place, to find K Z the Hour Diſtances upon the Plane. 


Equation, 
6, PZ+R=TKZSCTEP, 
Araligy. 


For the Hour Lines of 11 and 1 o'Clock, for the Lat, 
London. : 


As CT <P - 15* co 10.5719475 

10 Radius - GO CO 10. 0000020 

80 S PZ WT 33 28 9-79383t7 

To T. KZ = 1 Hour 9 28 9-2218842 
5 Or by Tranſpeſition. 

As Radius . a go oo 10. 0000009 

To CS. Latitude 31 35 9.7938317 


So T. P - - 15 oo 9.4280525 
To T. K Z - — 9 28 92218842 


And ſo by the ſame Analogy I find the Horizontal Diſtances 
of io and 2 o Clock to be 19? 45", of and 3 = 31 54“, 
of 8 and 4 = 47 90, and of 7 of 5 = 66 42", and 
b and 6 9. Theſe being laid off by help of the 
Line of Chords on the Scctor, will be the true our 
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Lines on .a South Erect Direct Plane for the Latitude of 
519 32' North. And for the North Dial you may either 
continue the Hour Lines of 4 and 5 thro' the Center to 
ſerve for 7 and 8, and 7 and 8 ſhall be 4 and 5; on the 
North Plane, or elſe lay them off by help of the Chords, 
as above has been ſhewn, The 8 or Stile muſt 
hang at right Angles over the 12 o'Clock Hour Line, and 
becauſe the top Edge of all Dial Clocks repreſents the 
Earth's Axis, and conſequently muſt lye parallel to it; and 
in theſe Dials ic muſt make an Angle with the Plane equal 
to the Complement of the Latitude of the Place: And in 
the South Dial it muſt point downward to the South Pole, 
and the Cock of the North Dial muſt point upwards to the 
North Pole. In all the Caſes of Dialling we ſuppoſe the 
Earth no more than a Point, in reſpect of the great Di- 
ſtance that it is from the Sun, for if it were reckoned other< 
ways, the Stile of the Dial could not be parallel to the 
Earth's Axis, and at the ſame time point to the true Poles 
of the World. . HN N 

When the Sun has North Declination, (which he has 
from the Ninth of March to the Twelfth of September), 
he comes upon the South Erect direct Plane in the Morn- 
ing at*the ſame time that he is due Eaſt, or upon the Prime 
ki and goes off in the Afternoon when ke is due 

elt. 1 2 a 11 


6 


III. Of an Erect Declining Plane.” 


HE firſt Thing to be done, is carefully to take 

the Plane's Declin?tior, which is no more than an 
Arch of che Horizon comprehended between the Axis of 
the Plane and the Meridian of the Place; and that you 
may the better diſtinguiſh Planes, you are to conſider and 
underſtand three ſeveral Lines. The Firſt is the Horizon- 
tal Line; the Second the Line perpendicular to the Plane, 
commonly called the Axis of the Plane Laſtly, The. 
Meridian Line. There are four ſeyeral Ways to find the 
Declination of a Plane, (4) 


3 


* 
4 


by the Magnetic Needle,2 
5 Which 
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which is of al the moſt uncertain by Reaſon of the Varia- 


tion. (2) By two Obſervations, the one made in the 
Forenoon, the other in the Aſternoon. See my Mechanic 
Dialling. (3) By applying a Dial made for the ſame Lati- 
tnde to a Circle divided into 360 upon a Board placed 
Horizontal'y to the Plane, move the Dial to the true 
Hour of the Day and then the Twelve o'Clock Line on 
the Dial will point to the Degree of the Plane's Declina- 
ton on the divided Circle. Laſtly, By the Sun's Azi- 
muth and Horizontal Diſtance, which is thus, with a good 
A renomical Quadrant. (ſuch as is now made by Fohn 
Barſton and of. Turner in Hatton Garden, London) take 
the Sun's Altitude, then in the Triangle A Z P, page 2<1, 
we have given A Z the Co-Altitude, Z P the Co-Latitude, 
and AP tie Sun's Diſtance from the North Pole, or Co- 
Declination, to find the Angle AZ P, work as i taught 
in page 259, and you will have the Sun's Azimuth from 
the North, whoſe Complement to 18» is the Angle 
A, Z A the San's Azimuth from the South. 
At the ame Moment of Time that you take the Sun's 
Altitude, let an Aſſiſtant fix a Semicircle divided into an 
180 Degrees to the Horizontal Line of the Plane, ſo that 
the Limb, or graduated Edge be towards the Sun, hòld up 
a Thread or Plummet near the Limb, fo that the Shadow 
thereof may paſs through the Center of the Semicircle, 
and obſerve the Degrees cut by the Shadow of the Thread, 
and Number them from that Side of the Semicircle which is 
perpendicular to the Plane, for thoſe Degrees are the Ho- 
rizontal Diſtance ſought. This being had with the Sun's 
Azimuth from the South, obſe:ve cheſe two Rules 


RULE I. 


Tf the Shadow of the Thread fa'l between the South 
and that Side of the Qu+drant, which is perpendi-ular to 
the Plane, then add the Sun's Azimuth from the South to 
the Horizontal Diſtance, and that Sum is the Declication ; 
and it is to the fame Coalt with the Sua's 4zimuth, that is, 
Eaft, if the Obſervation be made in the Forcnoon, but 
Ve:ward in the Afternoon. ; 

II. If the Shadow of the Thread fall not between the 


©6%\k and tha: tide of the Quadrant that is — 
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lar to the Plane, then the Difference between the Sun's 
Azimuth from the South, and the Horizontal Diſtance is 
the Declination of the Plane ; and if the Azimuth be the 
eater of the Two, then the Plane declines to the ſame 
oaſt whereon the Sun is; but if the Horizontal Diſtance 
— the greater, then the Declination is to the contrary 


EXAMPLE. 


Anno 1725, March 17, at London, in the Afternoon I 
obſerved the Sun's Azimuth from the South 38® 52', and 
the Horizontal Diſtance fell not between the South and 
the Axis of the Plane, conſequently their difference 29® 
8“ is the Plane's Declination to the Eaſt. Thee Things 
being found, there are four Things to be conſidered. 

7. The Inclination of the Meridian of the Plane, with 
the Meridian of the Place. 

2. The Height of the Pole or Stile above the Plahe. 

3. The Diſtance of the Subtile from the Meridian 

4 The Diſtance of the Hour Lines from the Subtile. 
All theſe I ſhall demonſtrate in the following Diagram. 


Geomtrieal Con?ruttion, 


With the Chord of Co draw the Primitive Circle 
which ſhall repreſent the Plane of the Dial, draw Z N 
and H O at richt Angles, take the Chord of 299 8 
the Plane's Declination, and ſet it from N to D, hy 
a Ruler from Z to D and it will cut the Horizon in 
A, through which the Meridian of the Place muſt paſs 3 
or ſet the Semi-targent of the Neclination from C will 
give A as before. Take the Co.Secant of the Plane's 
Declination = o 52' and draw the Meridian Z AN, 
it's Pole will be found at E; take the Latitude of the 


given Pace 51 32' from the Chord and ſet it from O to 


IL, and from N to G, a Ruler laid from E to L cuts the Me- 
ridian in P the Pole of the World, and a Ruler laid rom 
E to G cuts the Meridian in , that is, where the Equi: 
noctial cuts it. Laſtly, L'y a Ruler from P to (, and 
draw FI for the Subſtiler Lige; now have we the Right 
angled Spherical Triangle Z FP, in which 2 


1 
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2 F is the Subſtile Diſtance from the Meridian. 
ZP is the Complement of the Latitude of London... 
FP is the Height of the Pole above the Plane. 


T1 


And (PF Z is right. 
the 4PZ F is the Complement Plane Declination. 
Angle F P Z is the Plane's diff. Longitude. 1 
I. For the Angle FP Z the Inclination of Meridian's, 
or Plane's difference of Longitude. 
In the Triangle Z FP, tiere are given PZF = 60? g,, 
the Complement of the Pl ne's Leclination, and PZ the 
Complement of the Latitude of the Place = 2 28! to 
find the Angle Z PF, the Inclination of Mer:diaus, 


Equation. 


CS. PZ TRS CTCZ TOT r. 


Araloy. 

As CT < Z Co-Declin, 6e 52“ 9.461320 ˖ 
10 Radius YO oo 10. 0000000 f 
80 8, F 2 Co Fativude 38 28 9.8937452 © 
> To cr <P inclinar, M Merid,: 35 27 10 a t 
|. n Or. 47 Tr: 25 V1 io. * 8 
A. rer 0 r. e's S 8. „r. 2 l t 

Ty 0 
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IT. In the fame Triangle there are the ſame Things 
Bven, to find Z F the Subſtile's Diſtance from the Me» 
ridian, | 


Equation. 
CS<Z+R=CTPZ+T.ZF. 
Analogy. 
As CT. PZ. Co-Lat. 380 28!) 10.099145 
10 Radius | - 90 o 10, c0G0900 


So C'S. CZ. Co-Declinat. 60 523 - 9g.6873295 
To T. Z F. the Subllile 21 9 933747 


Or by Tranſpo/itions 
As Radius to T. PZ, 80 CS CZ to T. ZF. 


III. There are the ſime Things given to find PF, the 
Height of the Pole Artic above the Plane equal to the 
Stile's Height. A 


Equation 
S. PF+TR=S. PZ. + SZ. 
Ana/ogy; 


As Radius - - go? oo! 10.0000009 
To 8, PZ. Co-Latitude 38 28 97938317 
So S < Z, Co-Declinat, 60 52 9-9412575 
To S. PF. Sule's Height $2- 56 9.7350892 


Theſe three Requiſites being found, the next Thing to 
be done is to make the Firſt and econd Columns of the 
following Table, which are done thus, thePlan-s Difference 


of Longitud? beiog 355 27!, that is more than 30? = to 


two Hours in the EquinoQtial in Time, ſhews that the 
Subſtile will fall between the Hours of Nine and Ten in 
the Forenoon, place this 33 27! right againſt the Hour 
of Twelve, and 219“ againſt it in the next Column, _ 

| caule 


b 4 
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cauſe 39 45 anſwers to one Quarter of an Hour, and 15.to 
an Hour in the Equinoctial, therefore ſubtract 30 45% from 
35? 27! continually as long as it will bear, *till I have only 
1? 42! remaining, which anſwers to three Quarters paſt 9 
in the Morning; hence, becauſe this brings me to the 
Meridian, and Place of the Subſtile in the Dial, I ſubtract 
1 42! from 39 45, and the Remainder is 2? 3/ the 
Equinoctial Degree anſwering 95, to which add 3® 45! 
continually, till I come to 889 181 the Equinoctial Degrees 
anſwering 24 in the Morning, which Angles at the Pole, 
or EquinoQial Diſtances are more than we have Occaſion 
for in this Dial, as you will ſee when you come to lay 
down the Hour Lines upon the Plane by Help of the Lize 
- Chords, which I leave for you to practice at your 
eiſure. 


Equin- T Diff Equin. T DTT, 
[Hours Piſt. Subltile | = 2.3 Subſtile. 
2 [77 3|67 40 ofs 27]2 58 
3 [73 18;61 G HERB! 2 
F: Te: 2185-34-43 [16 $449:—16 
7 24 1 
2 62 Hs 411 02 27|11. 27 
3 158 1841 2111 1 24 1213 43 
% „ METH ES: 
I 0. 49133 49] | 
| 2 47 ö 30 17/2 ]35 2721 9 
3 [43 18]27 7 1 [39 12/23 54 
FR Wi (bo ot WR ob et 
I 135 48121 24 
2. 1328 -3j18 47 | 1 ofgo 27133, 2 
| 3 [28 18 16 19 | 1 1364" 232137---0 
8 0] 24 +: + 85 4 | Wie 87 * - 72 
11420 48[11 40 42145 15 
2 (17 3 9 28 be O 65 27 3 Y 
3 413 r l 
9 „9 33]1s 13} 2 22 57160 33 
i 4s 481] 3 10 3 | 
[ "TE 5 2 99D 3 | 7 BE: 
_] Merid. | Subſlile I 
JJ 3 in 4zlo 551 22 
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Taffly, To find the Diſtance of each Hour Line from 


the ubſtile, and the Analogy for his, is the very ſame 


as in the Horizontal Dial, See the Triangle, P12D,page 234, 
with this difference, that inſtead of the Eleve ion of the 
North Pole bove the Horizon of thePlace,commonly called 
the Laticude here you muſt make Uſe of the Height of 
the Pole or Stile above he Plane. | 

One Example will be iufci-nt to illuſtrate the whole 
Proceſs to the Meaveit Capacity, and that ſhill be to find 
the Piſt u ce of the Hour, or Quarter of an Hour before 
Ten in he Forenoon, tne Angle at the Pole, or Equ ncctial 
Diſta.:c-, you ſec in the Second Co umn of the Table 
i 
Operation, By Tanſpaſctiox. 


As Radius - - 90 02) 10 0200000 
To S. tiles Height 32 55 9.7351345 
To T < at the Fole 1 42 68.4724538 


To T. Hour on the Plane 0 55 8. 207 5883 


Now all the Work of this Dial is finiſhed, only transfering 
the Hour Lines to the Plane, and by help of your Line of 
Chords it is done the very ſame Ways as has been taught in 
the Horizontal Dial, therefore need no Repetition ; only in 


fixing the Gnomon, obſerve to place it on the Subſtiler 


Line, at right Angles to the Plane, and to make an Angle 
therewith of 329 55', and it may be either a Plate of 
Braſs, Copper, &c. or an Iron Rod juſt the thicknels of 
the Hour Lines. 


A General Rule. 


Tf the Plane decline Eaſt, the Subftile falls among the 
Morning Hours, but if it declines Weſt, among the 


Afternoon Hours. 


IV. Of the Eaſt and Weſt Erect Direct 
| Dials. 


HESE Dial Planes lying in the Plane of the Me- 
ridian, the Evrth's Axis berg parallel thereto: the 

Pole itlelf has no Elevadien, aud conlequently the Hour 
Lines 
1 
pe | 


3 * 8 2 25 


* 
_ 
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Lines can have no Centers, but are parallel to each other, 
the Six o'Clock Hour Line being the Subſtile, the reſt of 
the Hour Lines are drawn by the Tangent of 15, 30, 45, 
50, 75®, each Way as far as you have Occaſion for Hour 
Lines, and let them make an Angle with the Horizon 
equal to the Latitude of you Habitation : The Height of 


the Stile muſt be equal to the Tangent of 45, or the 
Diſtance of the Nine and Three Clock Hour Line. 


_—_— a 


V. Of an Equinoctial Dial. 


HAT I G call here an Equinoctial Dial, is not ſo 

in Fact, but an Horizontal Dial, or a Dial as is 
made under the Equinoctial Circle, for there the Pole has 
no Elevation; therefore the Hour Lines and Stile are all 
parallel to the Plane, and is made as has been juſt now 
ſnewn in the Eaſt and Weſt Dials, with this difference 
only, that this faces the Zenith, as the other do the Eaſt 
and Weſt Points of the Horizon, 


— I K 4 
— —_— — 


2» 


VI. Of @ Polar Dial. 


HIS and the laſt mentioned Dial have different 

Names by different Writers; ſome call this an 
EquinoCtial Dial, ſome a Polar Dial, but I ſhall not in this 
Place diſpute Words, tor they are of no more Uſe than to 
convey the Idea of Things from one Perſon to another. 
Therc fore if you would make a Dial for the Latitude of go 
either North or South, it is no more than to divide a Lircle 
into 24 equal Parts, and from thoſe Paris draw Lines to the 
Center, and they ſhall be the true Hour Lines, and the Stile 
is no more than a-Wire ſet perpendicular to the Plane in the 
Center of the Hour Lines, 


VII. 
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VII. To make an Equinoctial Dial. 


HIS Plane has two Faces, the Upper in North 

Latitudes ſerves all the Time the Sun is in Nor- 
thern Signs, Y, BY, u, S, K, m: The under Face 
of the Plane ſerves the other Part of the Year, viz. 
while the Sun paſſes through , m1, f, If, =, X. 
and the making of it and it's Stile is all one and the 
ſame with the laſt mentioned Plane; and this Dial has an 
Advantage above many others, viz. it is Univerſal, for 
in what Latitude ſoever you be, place it fo that the Plane 
may lye parallel to the true Equinoctial in the Hea- 
vens, and the Stile parallel to the Meridian of the Place, 
and then it will ſhew the true Hour of the Day. 


vn. 
3 


VIII Of a South Reclining, or North Ju- 
clining Dial. 


HESE Planes muſt firſt be reduced to a new Lati- 
tude, in which they 1 Horizontal Planes, 
and is thus performed : If the Reclination be leſs than the 
Complement of your Latitude, then ſubtract the Recli- 
nation from the Complement of the Latitude, and the 
Remainder is the new Latitude, in which it will become an 
Horizontal Plane. | 
2. But if the Reclination exceeds the Co Latitude. ſub- 
tract the Co-Latitude from the Reclination and this dif- 
ference in the New Latitude, ſo that to theſe new Latitudes 
thus found, draw Hour Lines, as has been taught ia the 
Horizontal Dial, and they will be the true Hour Lines 


upon the South Reclining Plane. 


3. But if the Reclining be equal to the Complement 
of your Latitude, and Recline frum the Zenith towards 
the North Pole, then doth ſuch a Hane lye directly in the 
Earth's Axis and have no Elevation ; a Dial in {uh a Flane 

| | G 7 73 
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as this muſt be made in all Reſpects as has been taught ir 
the Equinoctial Dial, in the Fifth hereof. That is, An 
Horizontal Dial under the Equinoctial Circle. 


Dy en" "IR * 8 „—— AM. Mo 
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IX. Of the Eaſt and Weft Reclining | and Tn- 
 clining Dial. 


HES E Dials muſt alſo be refer'd to a new 
Latitude, that ſo they may become upright de- 
clining Planes, which is done thus: The new Latitude 
is always the ſame with the Complement of the Lati- 
tude in which the Plane Reclineth, and the Declina- 
tion in that new Latitude will be always the ſame with 
the Ccmplement of the Plane's Reclination : So that in 
the Latitude of 51 32“ if an Eaſt or Weſt Plane ſhould 
recline from the Zenith 35%, and you would know in 
what Latitude that Dial all become an uprignt declining 
Plane. Then Note, That the new er 28, 
the Complement of the given Latitude, aud the Declina- 
tion on the Plane is 55, the Complement of the Recli- 
nation : So if you make a Vertical Dial (as has been taught 
in page 328), ſor the Latitude of 38 28!, and the De- 
clining 55, that Dial will be a true Dial, for an Eaſt or 
Weſt Plane Reclining from the Zenith 3 59 in the. Latitude 
of -51* 3a. 


—— 


X. To make a Declining Reclining Dial. 


HESE Planes muſt be refer'd to a new Latitude, 
and to a new Declination before Hour Lines can be 


drawn upon them. | 
EXAMPLE. 


In the Latitude of 519 327, a Plane declines to the Eall 
or Welt 34, and Reclines 30 from the Zenith, what' 
the new Latitude and new Declination ? 


For 


WO 
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For the new Latitude altways ſay, 


As Radius - 909 o 109.6000200 

To CS. Declination 34 © 99185742 

So C T Reclination 56% © 9.9238135 

To T. of , — 34,55 98423877 
Now ob ſerve theſe: Rules. 


I. This fourth Tangent muſt be compared with the old 
Latitude, and che Complement of the Difference is the new) 


Latitude. 
Operation. 
Od Latitude f 
Tangent ſubtract 34 55 | 
Difference "@ 16 37 Complement 73 23 


3s the new Latitude. 


IT. To-find the new Declination. 


As Radius 90 oo! 10.0000000 
To CS. Reclination 50 00 9. 808067 5 
So S. Old Pecſination 34 ov 9.747566 
To S. new Declination 21 4 9. 55 5629 


Secundly, Suppoſe a Plane Recline juſt ſo far as to pals 
thro* the Pole; then will the Hour Li es be all parallel 
to one another, as on a direct Eaſt or Weſt Equinoctial, 
Horizontal, &. Then the Analogy for finding the Recli- 
nation i this, . 8-53 

As CS Declination, to Radius, ſo T. Latitude, To 
C T of the Reclination. 5 


For tba Daclinat ian. 


As Radius, to C S Reclination found in the laſt, ſo is 
S: old Declination, to $ new Declination. 

Laſtly, Suppoſe a Plane Recline from the Zenith 20, 
and Declination 34 as before ; 2xery the new Latitude 
and new Declination ? Say as in the firſt, and you will 
find the new Latitude 75 14, and new Declination 31? 
427“. And theſe are all the Varieties that can n. I 
might here have ſpoke of Reflective, Refractive, Concave, 
and Convex Dials, with the Globe and Croſs Dials, but 
theſe. I have already explained in my Mechanic Dialling. 
to which I refer my for furthes Satisfaction. ö 
Gg 2 CHAP. 
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„ CMAP XL 
Of Surveying of Land. 


URVEYING of Land is a very uſeful Branch 
8 of the Mathematicks; and requires that the Pra- 
itioner be well ſkilled in Numbers, both Whole and 
Broken, with Extraction of Roots, Geometry, and in 
Plain Trigonometry, which this Treatiſe will make him 
a compleat Maſter of, without any other Book or Tutor. 
Therefore I would have the Young Student to perfect 
himſelf in one Chapter before he proceeds in another; 
and firſt you are to Note, that by a Statute made in 
the 33d Year of the Reign of King Edward I, Anno 1305, 
an Acre of Land was to contain 160 Square Perches, and 
the Perch 5 Yards; 40 of which Poles or Perches makes 
o ie Furlong, and 8 Furlongs makes one Mile, as is better 
and more at large expreſſed in this Table, 


Inches. F eet. 2 | 
12 — Yard. © 
36 E 3 I Pole. | 


Ig = "if I: Furl 


n 1 58 


2920 6560 | 220 | 4© I 
63360 [5280] 1760 | 320 | 8 


Inches. | Link | * 
7.92 I Yard. 


36 4-35 fere.| 1 Pole. 
"198 275 | 5 - I 8 
| 792 | 100 | 22 | 4 1 | Mile. 
63360 | | 8000 ) 1760 | 320 80 1 |} 


Aid for the Learner's better Information I ſhall here 
preſent him with a new Table of Square Meaſure. 
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A Table of Square Meaſurt, which is to be read thus, viz. 


ware Perches, 174-24 Square 


Paces, 454 Square. Tards, 4356 Sguare - Feet, 10000 
Square = and 627264 777 75 Ke. 


in Chain there are 16 


4 1 


= —ç 


2 


2.295 


— ü—bwmʃ—W2ñx?[', 


20.75 


| 52726 


6272640 


I 
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4 Table ſhewing how Square Links are made in 
any Piece of Land. 


Square Per- Square Per- 
| Links, ches. Links. Acr. | Rod hes. 
625] 1 143751 23 
1250] 2 loo |. [24 
1875] 3 15625 MES of 
2500 4 16250 26 
125] 5 16875 27 
3750 6 17500 28 | 
4375] 7 18125 29 
oo 8 18750 30 
5625] 9 19375 =; 
625010 2 0000 32 
4 6875111 20925 33 
750012 [ 21250 34 
812513 J 21875 35 
8750114 22500 30 |- 
9375}15 23125 37. :4 
10000 16 23750 38 
10625117 24375 39 
11250118 | 25000] 1 
11875119 5 0000 2 
12500 |20 75000 | Ws Ig . 
13125 25 | Kate ag I | | 
| 13750122 A A 


By the foregoing Table you may caſt np the Content of 
any Piece ef Land by Inſpection, for when you have 
multiply*'d your Dimenſions in Chains and Links together, 
that Product is ſquare Links, as ſuppoſe you had 35127 
Square Links, what is the Content? 

Look for the neareſt leſs in the Table, (if you cannot 
find the exact Number) which is here 25000 anſwering to 
one Rood of Land, and the overpluls 10127, anſwers to 
16 Perches, and 127 Square Links over, Which being leſs 
than a Perch is not regarded, 


Now 
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No becauſe Gunter's Chain is the only Chain now made 
Uſe of in Surveying of Land, you are to obſerve that 
10 Chains long, and 1 Chain broad doth make a Statute 
Acre of 160 Square Perches, as by this Table is more 
fully ſhewn, 


Length Breadth in Chains, Links, 
in Chains, | and Parts of a Link. 
I 10.00 
2 5. 
3 | 3-33 Parts 33 
4 2.50 
2.00 | 
8 1.66 Parts 66 
7 1-42 Parts 85 
8 1.25 
9 1.11 Parts 11, 


Likewiſe if you would ſet out an Acre in Yards, you 
may ſee by the Table, page 345, that the Chain is 22 
Yards long, which multiply'd by 10 makes 220 Yards long, 
and 22 Yards broad makes one Acre. Becauſe 220 K 22 


= 4840 quare Yards ; and if you would ſet out an Acre 


by Perches you muſt know that 40 Perches long, and 4 
broad, is aa Acre = 160 Square Perches. 


Pe tt. * * " „* 


* — 


I. Of the Inſtruments that the Surveyor muſ# 


be furniſhed with. 


* A Gunter's Chain, as above deſcribed. 
2 A Caſe of Inſtruments. 
3. A Parallel Ruler, | 
4 A Plain Table, 

| 5. A Theodolite. 

. A Plotting Scale, which has on it two Diagonal 
Scales, commonly one of 10, and the other of 20 in an 
Inch on one Side, and on the other Scales of 11, 12, 16, 
20, 24s --. 
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20; 24, and 30 in an Inch, c. As the Protraftor and 


Line of Chords are uſed in laying down Angles, ſo are 
theſe Plotting Scales uſed in laying down of ſtreight 
Lines, 5. . the Sides of Incloſures, the Diagonals, Per- 
en and Off- ſets which were actually taken in the 
Field. 

Now a Scale of any Number of equal Parts whatſoever, 
is no more than to divide the Inch into as many cqual 
Parts as you defign the Scale ſhall contain Parts. As if I 
would have a Scale of 10 equal Parts in an Inch, (which 


Scale will make the greateſt Plot of all), divide the Inch 


into 10 equal Parts and 'tis done: If you would have a 
Scale of 16 in an Inch, divide the Inch into 16 equal 
Parts, then 10 of thoſe Parts will be a Scale of 16 in an 
Inch, &c. 

NM B. I here recommend the Uſe of the Theodolite be- 
ſore that of the Plain Table, becauſe the Paper upon the 
Table in the Field will be ſubject to contract, or expand 
according as the Air is dry or moiſt, and conſequently 


will make your Plot too much, or too little, and err from 


the Truth conſiderably. Theſe Inſtruments, with all others 
for Practical Mathematics, are made and fold by Mr Vobn 
Ferler, at the Globe in Smithin's-Alley, by the Royal 
Exchange, London, fitted up at the beſt Manner, and at 
the loweſt Prices. 
In Meaſuring with the Chain, be careful to get the 
ſhorteſt Diſtance between any two Objects, otherwiſe you 
will make more of the Land than it really is. In Order 
hereunto you muſt provide Ten {mall Sticks like Arrows, 
ſharp at the End to ſtick in the Ground ; having ſet up 
White's at the Angles of the Ficld, and at other Places 
where you ſee Occaſion, let him, (your Aſſiſtant) that leads 
the Chain, carry the Arrows in his Left Hand, all, fave 
one in the Right, with the Chain, and always when he 
ſticks down one of his Arrows, be {ure that it be in a 
right Line with the Eye of him that follows the Chain, 
who is to gather up the Sticks, go on thus to the End of 
the Diſlance you are to meaſure, whether it be a Diagonal, 
Perperdicular, or the Boundary, Off-ſet, &. by this Me- 


- thod he that follows the Chain and gathers up the Sticks 
' . has a ſure Method of counting the Number of Chains, 
Wichout any Trouble, or fear of Error: As oppoſe 1 


£ 
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find a Diſtance to be 8 Chains and 30 Links, you muſt 


ſet it down in your Field Book, ruled in proper Columns 


for that purpoſe, and it will ſtand thus 8.30, and 4 Chains 
7 Links will ſtand thus, 4.07, always minding to ſet a 
a Cypher in the Place of Primes in the Links, if they 


be under Ten. Now the Reader being well acquainted 


with Decimal Arithmetic, and with the Menſuration of 
Superficies, as taught in this Treatiſe, he is qualified to ga 
into the Field, in Order to meaſure the ſame. : 


— 


III. Ham to take the Plot of a Field, by the 


Chain only, and to caſt up the Content 
thereof. 


N Order hereunto, you muſt provide yourſelf with a 
ſmall Inftrument call'd a Cro's, which you may make 
of Wood thus, provide a Piece of Box Wood, and let 
it be turn'd round, and about two or three Inches 
Diameter, with a fine Saw cut two Slits croſs ways, that 
ſo they may be exactly at right Angles with each other, 
and on the under Side of it let there be a Hole for Conve- 
niency of placing it upon a Staff about your own Height 
in Time of Practice. Being thus prepared, go into a 
Field, and upon a Piece of Paper draw the rough Draught 
of it, as near the Shape as poſſible you can, while you 
are doing this, let your Aſſiſtant place Pieces of white 
Paper at A, B, C, D, E, F, G, O, Hand I. Then 
our Aſſiſtant taking the Chain and Arrow, ſtanding at 
„direct him to I, and as you go along, 4 muſt by help 
of your Cro's take the Perpendicular K C, that is done by 
looking through one of the Slits in the Croſs to I, then 
looking thro' the other Slit at C and find the Point K, 
put down the Chains and Links BK 1 o, leave a Mark 
at K, and meaſure on to L; here by he 4 your Croſs 
looking at B and A, you will find out the Point L, that is 


where the Perpendicular A L doth fall, ſet down the 
Number of Chains either from B to L, or from K to L, 
1 
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it matters not which, leave a Mark at L, and meaſure on 
to I, and ſet down the Whole Diagonal B I 3.73. Go 
back to L and meaſure the Perpendicular L A 1.40, and 
CK 1.78, which fet down upon * 3 rough Draught. 
And thus is the Trapezium ABCI finifhed; which I Note 
with the Figure 1. | 

Serondly, For the Trapezium I DOH, which I mark 
with the Figure 2. Then going to D, direct the Aſſiſtant 
towards H, and having meafured 3 93 Chains, I obſerve 
the Point N, and the Point M fall at 4.17, where leave 
Marks, and. meaſuring on to H, I the Whole Baſe 
D H to be 5.78 Chains, which I inſert in my rough 
Draught as before, then meaſuring the Perpendicular MI, 
J find it to be 1.80, and NO 1.09. - 

- Thirdly, I go into the Triangle GO Q, which I mark 


with the Figure 3, and beginning at G, E meaſure towards 


Q. and as I go along, I obſerve with my Croſs that the 
\ Perpendicular O falls at P. 1.11 from G at P, I leave a 
Mark, and meaſure to Q, which I find to be 3.54 Chains, 
Then going back to P, I meaſure P O and find it to be 
t.o9 Chains. 8 

© Laftly,” Here ſtill remains the Trapezium F QD E un - 
meaſured, which I Note with the Figure 4. Then coming 
to F, I meaſure toward D, and I find the Perpendicular 
SE to fall at 1.43 Chains from F, which I Note down 
in my rough Draught as before; meaſuring on I find, 
the- Pe icular RQ to fall at 1.72 Chains from 

F, which I alſo Note down: And meaſuring to D, I find 
FD ta be 3.23 Chains, which I alſo Note down Then 
coming back to the Marks which I leftatR and 8, I 
meaſure 8 E and find it 0.60 Link, and QR 0.35 Link, 
which I ſet down in my Field Draught, and fo is the 
mealurin at 4 Mey -y e Infor- 
mation, all here inſert vac ic caſurement in 
Chains and Links. 28 

VN. B. You muſt remember, when in the Field, to mea- 
ſure I D and DO, they being of Uſe in the plotting, but 
not in caſting up of the Dimenſions. 
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| 1 © 5 4 


9 | 


A 
2 


K 4.0 NO 109 104.94 
. GP 1-11 DO 4.15 

BI 3:75 GQ 3-54 

AL 1.40 PO 1.08 

CK 1:98 FS 143 

DN 43.93 FR 1.72 

DM 4.77 D 

DH 5.78 SE 0.60 

MI 1.8 QR 0o.35 


Secondly, Shewing how to Plot the ſame. 

When you have finiſhed the Work in the Field, you may 
plot and caſt it up at your leaſure thus. 

Take a clean Sheet of Paper, and with a Black Lead 
Pencil draw a Line at Pleaſure, take one Chain 50 Links 
from your Scale and lay it from B to K, take 1.22 and 
lay it from K to L, and 3-75 Chains from B to I. This 
done, take your Protractor and lay the Center to K, n 

| 0 


348 Of SURVEYING. 


off the Perpendicular C K, and thereon lay 1.78, lay the 
Center of the Protractor to L, and prick off the Perpen- 
dicular L A, and thereon lay 1.40 Chains. 

Draw an occult Line, and thereon. let 5.78 from D to 
H, take 4.93 Chains and ſet it from D to N, and 4.77 
from the ſame Scale ſet from D to M; lay the Center of 
the Protractor to M and N ſeverally, and prick off the 
Perpendiculars MI, and N O, take 1.80 Chains and ſet 
from M to I, and 1.09 from N to O, do thus by the reſt 
of the Baſes and Perpendiculars, and then by drawing the 
Boundary Lines A B, B C, CD, Oc. you will have the 
true Plot, or Figure of your Fields as is repeſented above. 

Laſtly, To caſt up the Dimenſions, and thereby to give 
the true Content'thereof. | 

Here you ſee the Field being reduced into Trapeziums 
and 'Triangles, they are to be meaſured as taught in page 
174, add all the Areas together, and from the Total cut 
off Five Places, or Figures to the Right Hand, (becauſe Ten 
Chains long and OneChain broad is anAcre) and thoſe on the 
Left, if any, are Acres, and thoſe on the Right ſo cut off, 
are Decimal Parts of an Acre, which multiply by 4 and by 
40, and always cutting off Five Places to the Right, the 
Content will be had in Acres, Roodland, and Perches, as 
you may the better perceive by the Work at large. 


AL = 1.40 IM = 1,80 
CK = 1.98 NO = 1.09 
73-18 Sum - - 2-89 
Half = 1.59 Half DH = 2.89 
11 == 3:95 , | 2601 
795 2312 
1113 528 
3 83521 

I = 39625 

: 2 = 83521 
3 = 119116 GQ = 3:54 
4 =. .15181 Half OP = .54 
Acres. 1.77443 {416 
4 1770 
Roods — 2.99772 9116 

40 

Poles 39. 90880 
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| S E = .60" 
FD= 3. 23 QR = 33 - 
Half SE& QR=.47. Sum = 98 
2261 Half = 47 
8 | | 
«15181 


— 
6  —. 


II. Fow to tube an Anali in the Field cither 
with the Plain Table or Thecdiy ite. 


UPPOSE in the Field above, I would tale the 
Angle at A, ſet up two Marks at Bard I, place your 
Inftrament at 4, bring the Index to 360 on th: Limp, 


and turn the Inftrument about till through the Sights you 


ſee the White at B, here fix the Inftrument, and nove the 
Index till you {ee the Mark at I, the Degrees cut by In- 
dex on the Limb are che Quantity of the Angle 6b AT, 
and after the ſame manner may any Angle be taken : And 
for Proof of your Work, when you have taken all the 
Field, before you begin to Plot, if you would know 
whether it will Cloſe, multiply 180? by a Number al- 
ways leſs by 2 than the Number of Angles within the 
Field, and if that Product be equal to the Sum of all the 
Angles, then is the Work right, other ways not. 


ts 


— 


III. How to' take the Plot of a Field by 
going round the ſame, or any large Cham= 
pion Ground, as Salifbury-Plain, Houn- 
ſlow-Heath, Forreſt of Dalameer, &c. 


N the 412 Page of the Abridgments of Acts of Parlia- 
ment, we are told that Aoaunflze= Heath contains 
4293 Acres, and one Rood Land of Grounl, Now let us 


H h ſuppoſe 


18 — 


oy A "y — * * 
— —— 12 — — — — — -_— ee —_—__ „ a_—_—_ — <<. oo 
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ſuppoſe the Figure in to repreſent one of the 
M Champion Grotnds. 

With your olite, Chain and Aſſiſtant, beginning 
at A, take that Angle, and at every turning of its Bounds 
as at B, C, D. Sc. take the Angle as has been taught a- 
bove, and as you go along meaſure the Diſtances A B, 
BC, CD, Oc. with your Chain, and find them as is 
here ſet down. 


5 
3 
8 
8 


A B 3.10 A 988 

B C 2.31 B 76 | 
C D 2.15 E93 30 external. 
D E 1.80 D 68 oo 

E F 1.64 E 140 oo 

F G 1.73 F 145 oo external. 
G O 1.53 G 45 oo 

OH 2z.c0 O 114 30 external. 
H I 2.04 H a1 oo 

I A 1.70 J 168 do external. 


The Sum of the internal Angles is 1440 which is equal 
to 180 multiplied by 8, chat is Jeſs by 2 the Number 
cf Angles, which is a Proof of the Work, 


8 
_ 
— th — 


IV. How to take the Horizontal Line of 
bo 4 Hill. 


T is beſt to Meaſure Hilly Ground by the Chain, by 

ſetting up Beacons upon ſeveral of the higheſt Hills, from 
which you can ſee the Angles in the Heages, and direct 
your Sights from Station to Station, for the Chain being 
drawn over the Hills and Dales, muſt neceſſarily make a 
larger Plot, than it would do if you went all round the 
Hedges, all the way upon level or even Ground ; now. be- 
cauſe ycu cannot make a Convex Superficies upon the 
Paper, you muſt only Plot the Horizontal Line or Bale 
cacreof, = WAR 
Place 


Of SURVETING: 25r 
Place your Theodolite at one fide of the Hill, and cauſe 


a Mark to be ſet on the Top of the Hill, juſt as high as 
your Inſtrument is from the Ground, and take the Angle 


of Altitude, and meaſure with your Chain from the In- 


ſtrument to the Mark on the 'Top: Then by Trignono- 
metry ſay, As Radius, to the Diſtance from the Inſtru- 


ment to the Top of the Hill; So is C S, Altitude, to the 


E of the Baſe from the Inſtrument to the Perpendicular 
ine. Go to the oppoſite Side of the Hill and make the like 
Obſervations, find by the above Analogy the Diſtance be- 
tween the Inſtrument and the Perpendicular Line, which 
added to the other juſt now found, and the Sum is the 
Horizontal Line ſought. 

Or it may be found at one Operation thus, As the Sine 
of the Angle at the Inſtrument is to the oppoſite Side 
of the Hill, ſo is the Sine of the Angle at the Top of the 
Hill, to the Length of the Baſe. 


—_—_—— — — 
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V. Heco to take the Plot of a Field at one 
Station, when all the Angles are ſeen. 


LANT your Inſtrument ary where in the Ficld 

where all the Argles can be ſeen, ſet up Marks, take 
all the Angles and note them down in your Field-Po>k, 
then meaſure the Diſtance with your Chain from your In- 
ſtrument to every Angle, and ſet them down in your Field- 

Book, and the Work is done. 

VM. B. If it happens that you cannot ſee all the Angles 
at one Station, you muſt make two or three as you ſee 
moſt convenient for your purpoſe, meaſuring your Statio- 
nary Diſtances. 


» 


VI. To take the Plot of a Field, or the Map 
of a Country. 


A KE choice of two Stations where you can ſee 
M all the Angles of the Field, place your Theodolite 
at one of the Stations, and take the Angle of the Field, 

| | Hh 2 | meaſure 


—— 


n 
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meaſure to your ſecond Station the Diſtance in Chains and 
Links, Plant your Theodolite at your ſecond Station, and 
take all the _ of the Field, and Note them down in 
your Field- Book: Now theſe Angles and Stationary Diſ- 
tance being Protracted upon Paper, the Interſection of the 
Lines from each Station will determin the juſt Figure of 
the Field, or the true Situation of a Country, and make a 
perfect Map of places in your View, which Diſtances are 
gain'd either by Trigonometry, or by meaſuring them by 
the ſame Scale by which the Stationary Diſtance was laid 
down, | 


— _ * —_ — — — 


VII. How to Survey Words, or great Pools 
| of Water. 


HIS muſthe done by going round the fame on the 

out Side, and at every Bending take the Angle and 
meafure the Diſtance from one Bending to another, Ni te 
all doyn in your Fie!d-Book, and when you come round 
to the Place where you began, if your Plot cloſe, you 
may be aſſur d your Work is right, other ways there is 
ſome Error. Then when you have plotted your Work, 


take off the Baſes and Perpendiculars from the ſame Scale 


you laid dawn the Plot, and from thence caſt up the Con- 
tents in Aces as has been taught in page 348. 


3 — 
1 


VIII. An Expeditions Method, to caſt up 
the Superficial Content of Land in Acres. 


7H AT we have alrer'y faid on this Head, is to 


reduce the Field into Trap2zias and Triangles, and 
thoſe Baſes and Perpendiculars meafured by the ®cale, may 
poſſibly produce ſome. Error if great care is not taken in 
drawing the Lines fine ; therefore in Geometry we have 
men | hr to reduce a Figure of many Sides to a Trian- 


gle, Ge. by which means many Operations are ſaved in 
caſting it up, and conſequently liable to leis * Me 
. - h . Dew 


ew 
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IX. Hor to take the Plot of a Gentleman 
Eftate, Manmor or Lordſhip. 


T will be beſt firſt of all to take a View of the Land, 

and conſider where it is bit to begin; then provide a 
Station Staff about the ſame Height with your Inſtrument, 
and {Ft it at the Top to put in a quarter of a Sheet of 
white Paper, beginning at any convenient place; fx your 
Inſtrument and take the Beau ing or Situation of your firſt 
Station, and ſend your Station Staff Thy you gn a far 


| ns * 
— 


e 


n 


as you can ſee, meaſure ta very Off you go along, 
and the Off- ſet chemie ves, entering all in bield- Book, 
femembering where you begin to make that your fi:{k 
Meridian, and then as you go on in the Work, take No- 
tice how fuch or ſuch a remarkable Place bears from your 
firſt Meridian, by this means the Mannor will be epi in 
its true Poſttien ; procee ing thus, through all the work, at 
Ways being careful to tahe Noti e ol a Uhings that ar te- 
markable, and incert them in your Fie}d-Book, that fa 
when you come Home to Plot your Days work at Night, 
ou may readier diicern any Error if any ſuch 'Fhirg ſhould 
When the Map is made, you muſt incert the Name 

of every Inc'o'ure, with its Content in Acres, and diſtin. 
guiſh each with their proper Colours, the Gentleman's 
Seat, Coat of Arms, and Points of the Compals, truly re- 
e the Situation of the Eſtate; and alto a Scale of 
iles adapted to the Map. The North- ide of the Map is 
always placed upwards, and the Euſt on the right, as the 
Compals more plainiy expreſſes it. If the Lordſhip is 
large jt will be belt to draw Upright, or North and South, 
and Eaſt and Weſt Lines, denoted by Letters at the top 
and bottom, and alſo on the ſides; to be reſer'd to by the 


Table of References, for the ready finding any Field or 


Parcel of Land therein contain'd. 


H h 3 X. Hou 


\ 
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X. * to ofa the Diner of a Circle 
that Wee contain any Number of Acre. 


RULE, 


S 11 1s to 14, ſo is the Number of the Acres given, 


-” 


| EXAMPLE 
Whats the Diameter of A Circle whoſe Area is one 


Acre ? 
* Turn the given Acre into ſquare Links thus 1 .02000, 


then, 


A 11 : 14 : : 100000 : 12.727270(3.57 AV Verd. 


— 


XI. To Set out an Acre, three Rood Land, 
Hal an Acre, one Road or any Number 
of Perches under 40 Perches, or a Rood 


Land. 
Say, As the Ling. or in. 


Chains 
N 1 00 Acre. 
7.59 | I 1.00 three Rood, 
5 5, 0 % +. 1.00 half Acre, 
Is to 2.50 } Sofi 1.00 Rcod, 
| 625 ' oi one Perch. 
625 Ie two Perch. 
625 07 three Perch. 
EXAMPLE 


Suppoſe, I had 1.32 Chains in length, how much muft 
J have in Breadth to mew 10 1 
As 1.32: 625 :: 585 Links, /er2. 


—— — 
e 
#4 4 


to the Square of the Diameter of the Circle — | 


XII. How 


+ — rr et 
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XII. How to reduce a large Plot of Land | 


or Map into a leſſer Compaſs, according to 


any given Proportion, or on the contrary 


how to enlarge it. 


H E beſt way to do this, if it be a Field or two, 

ec. is to Plot it over again by a greater or leſſer 
Scale as need requirech, but if it be large as the Map of 
a Country or Mannor, Sc. the only way is to Circum- 
ſcribe it with a Geometric Square, and Divide that great 
Square into ſeveral other leſſer Squares, and by this means, 
every Cloſe, Houſe, Mill, Tree, & c. in one will fall in the 
ſame Square in the other. 7 | 


_—_—_ 
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XIII. To find how many liches makes a 
Mile, half a Mile, or a quarter of a 
Mile, by any Scale whatſoever. 


IRST y-u are to conſider that the leaſt Number of 
parts any Scale is Divided into are 10; and this Scale 
makes the largelt Plot of any other. Second!y, You ſee 
by the able in page 340, that 80 Chains of all Scales 
whatſoever make one Mile. ſo that Y Scale 10 in an 
Inch, 80 Inches in one Mile, but to find how many Inches 
is a Mile by any other Scale, obſerve theſe inverted Propor- 


tions, 
Scales 
11 92.72 
I2 66.66 
16 50. 
9 40 Inches 


As 10: 80 :: 24 : 33-33 in a 


. 
; 
i 
y 
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XIV. To reduce Statute Meaſure to Cuſto- 
mut, and the Contrary. 


"> 
1.3 
13 


H A T which is called Statute Meaſure, has g 4 yards 
to the Pole or Ferch, =-16 feet, and the Acre 
hath 160 of thoſe Square Perches : But in Lancaſhire they 
| have 8 yards to the Pole = 24 Feet, which they call 
a Rood, and 160 Square Poles to the Acre. In Corntal 
(1 am informed) their Perch is 3 yards, and the Acre 640 
Poles or Perches. The Jriſb Perch is 7 yards == 21 Feet, 
and 160. Square Perches to the Acre. Now how mary 
Acres Statute Meaſure will 20 Acres in Lancaſtire make? 
See the Work. 5 
As 30 28 : 20 :: 64 : 42.3 Statute. 
| Again, Suppoſe 42.3 Statute Acre, how many Acres 
1 will they make Cuſtomary in Lancaſbire? | | 
As 64: 42,3: : 30.25. : 20 Acres. 
That is, As the Square of the Cuſtomary Perch, 
Is to the given Number of Acres, f 
ho is the Square, of the Statute Perch, 
To the Number of Acres ſought. 
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